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ABSTRACT

The blast and throwout areas immediately surrounding the detonation points

of the four Operation Roller Coaster events. were investigated extensively for

Pu"-deposition and distribution. Devfce placement and explosive yield differed

for each but the last two events from a single device on a steel plate in the open

to nineteen devices with two and eight feet of earth overburden. The amount of
Thar"

available for dissemination was essentially constant for all events.

In the various mixtures of contaminant and metal, soil and concrete debris

which resulted from such detonations, quantitative measurements by alpha

detection were inadequate due to the limited range of the alpha particle. Unless

a high degree of homogeneity was present in the debris, normal spot sampling

techniques were likewise inadequate even with absolute determinations by radio-

chemistry. For these reasons the most reliable data were derived from large

scale assays based on the electromagnetc radiations found in weapons grade

PdI ". Special instruwaent.tion Was fabricated with optimum sensitivity for

these radiations. This instrumentation, with similar circuitry and detectors,

was used to assay metal debris and to monitor large land areas. Sume carrel*.

tive factors have been obtained by radiochemistry for the conver on of instru-
ment response to absolute concetration

The scavenging of Pun by metal surfaces ng detonation ecame the

subject of a special study as a result of early field date evaluation . These in-

tensive Investigations were known as the Roller Coaster Follow-On Project.

In this project, exclusive use was made of gamma detection techaiques including

radioautography with correlative radlochemical ana:yses.

The assays of the debris indicated no real advantage from the scavenging

action of eight feet of earth overburden compared with only two feet of earth

overburden. A major factor in significantly Improving the situation was the
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use of metal throughout such structures as a substitute or facing for concrete.

Optimization of this approach, e. g., selection of metal and its configuration,

should be the subject of special research studies.

Under the most severe conditions of Operation Roller Coaster, the residual

contaminated area of immediate concern, after cloud passage for monitoring

contamination control, restricted access, etc., was less than 2,500 feet from

GZ in the downwind direction and about 100 feet from GZ in the upwind direction.

While accurate quantitative determinations are lacking, the conclusion appears

valid that a surprisingly low percentage (less than 20 percent) of the total radio-

active material exdsts in the debris and within 2,500 feet of GZ.

,
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PREFACE

Project 2.1 was fortunate in obtaining the services of several agencies.

Personnel from Mobile Construction Battalion Five, Port Hueneme, California;

Disaster Recovery Training Unit and Mobile Construction Battalions One, Four,

and Eight, Davisville, Rhode Island, participated in the field programs. Their

contributions were most valuable. Major R. T. Trolan, CMLC, USA, assembled,

trained, and coordinated these units into an effective field organization.

The Project Officer also wishes to acknowledge the several contributions,

both in the field and laboratory phase and in the report preparation phase by

Mr. Eric L. Geiger, Eberline Instrument Corporation, Santa Fe, New Mexico.
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CHAPTER 1

INTRODUCTION

1.i OWSJECTIVES

Summarily stated, the assigned objectives of Project

2.1 were:

1. The collection and assay of soil and debris for

contamination distribution and accountability.

2. The collection of debris and structure soil for

separation chemistry.

Theb collections were concentrated in and around the

crater, the blast area, and the tilrow-out area which was

confined to the first 400 feet from ground zero (GZ).

Secondary objectives of the project were to assist

in radiac surveys out to 2,000 feet from GZ In support

of Project 2.5 and to determine the effectiveness of local

scavenging action of the storage structures.

1.2 BACKGROUND

Preoperational studies of project objectives indica-

ted that the success of total Pu23 9 accountability efforts

mmmm mmu • • • ua 
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could depend heavily on the thoroughness with which meas-

urements were made in the immediate vicinity of GZ.

Cursory surveys with low energy gamma detectors around

the GZ of previous plutonium releases at the Nevada Test Site (NTS)

supported this opinion (Reference 1). Core sampling of the storage

structure, 6oil sampling of outer areas, and use of throw-out-ma-

terial collectors were considered as field expedients to accu-

mulate reliable data. Each method relied on the assumption

of a certain degree of homogeneity in the deposition pattern

i f extrapolation to totsl Pu2 3 9 was to be meaningful.

As one calculated the density of sampling locations

to expose any significant perturbations from a uniform pattern,

It became apparent that a reasonable fractio, of the total ma-

terial requirements as applied to Roller Coaster conditions

indicated otherwise. A significant contribution to the reso-

lution of the discussions was the experience of the uranium

mining industry in New Mexico (Reference 2). Core sampling at

density higher than proposed for Roller ( oaster had been found to

be inadequate for postulating ore body location and extent.

Radloassay scanning of all mined material as it passed over

14
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a moving belt proved to be a highly reliable solution. The

TA extension of existing low energy gamma detection techniques

to a similar scanner was made for Roller Coaster purposes.

Later, Operation Sideshow, an explosive test of an

igloo storage structure conducted at the U.S. Naval Ordnance

Test Station, China Lake, California, suppiled additional

supporting evidence for including a mining type operation.

This test of a storage structure with 2 feet of earth cover

revealed that material raised by the detonation, and presum-

ably highly contaminated, falls back principally in and

near the crater. This resulted in a heterogeneous

mixture in the crater with a high probability of most of the

contamination on the surface. After reviewing all of these

experiences, it was decided to conduct Project 2.1 with both

coring and mining operations with each supplementing the

other in the development of the picture of Pu239 deposition.

The collection of structure soil for separation chem-

istry was an assigned objective to provide throw-out ma-

terial for the laboratory investigations of Project 5.2. For

4this purpose it was desired that samples be ob taned which

15+,
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were free of dilution by the soil surrounding the structure.

Wash tubs and pie pans were selected as collectors with the

former used within 300 feet of GZ an.I the latter at greater

distances. Collector efficacy and optimum positioning

were evaluated during Operation Sideshow.

| 18



CHAPTER 2

EARTH MINING

Realizing the importance of accurately measuring the

amount of plutonium mixed with -rth overburden on certain

Roller Coaster events, numerous methods were studied which

had a potential application to the problem. In final evaluation,

it was decided that the best method for obtaining this acc ount-

ability was to mine the contaminated soil and use low energy

gamma techniques for detection and measurement. This

low energy gamma technique was also used for th-e vehicle

mounted gamma scanners and the soil core scanning device.

The earth mining procedures for involved a

new application of a technique developed by the Eb-

erline Instrument Corporation in 1957 for the uranium mining

industry. It was found that a gamma detection device opti-

mized for U23 8 detection was more reliable and more accu-

rate in determining the U238 content of a truckload of uran-

ium ore than analyzing an aliquot by radioassay. In order to

fit this technique to the requirements of Project 2.1, three

basic pieces of equipment were required. These were a port-

17



able screening plant with a moving belt, counting and detec-

ting equipment, and a front-end skip loader.

2.1 INSTRUMENTATION

The belt scanner system designed for Operation Roller

Coaster was the only piece of special equipment required for

the earth mining and plutonium assay. Basically the system

consisteid of a scintillation detector, counting electronics,

and a portable screening plant for depositing a uniform layer

of soil on a moving belt. The detector was placed above the

conveyor belt and monitored the soil passing under it. The

counting electronics Qsed pulse height analysis to look at 17

and 60 Key photons emitted from the Pu239 and Am24 1

mixed with the soil . The basic objictive of the system was

to determine the amount of Pu23 9 In a knowr. amount of soil.

The detector design for the belt scanner was started

concurrently with the detectors for the core scanner and the

viehicle mounted gamma scanners, which were also to be used

in Roller Coaster. Design of all three detectors was essen-

tially the same for ease of field service and decign simplicity.

The detector was a 2 1/2-Inch diameter by 1-inch-thick Nal

(Ti) crystal with a 0.0O1-nch-thck aluminum window viewed

18



by a 3-inch-diameter DuMont 6363 photomultiplier tube.

This was housed in a 2-inch-thick lead shield and had a

maximum diameter of 11 Inches. The shield had provisions

for the addition of dry ice inside to cool the photomultiplier

tube, although this feature was not used. A collimator was

placed over the crystal which had a 900 included angle. This

sees a circle approximately 28 inches in diameter with the

detector face 15 to 18 inches above the soil on the belt.

The preamplifier was mounted on the lead shield to be as

close as practicable to the photomultiplier tube. The high

voltage decoupling was increased and the input circuit was

,hanged to be compatible with the photomultiplier tube cir-

cuit.

The screening plant was fabricated by N. C. Ribble

and Company of Albuquerque, New Mexico. The screening

plant is shown in Figure 2.1. The design criteria estab-

lished for the screening plant were as follows:

1. Belt width of 30 inches.

2. Speed of moving belt will be variable from I

foot per minute to 4 feet per minute. By chang-

Ing sprockets, the speed may also be increased by



a factor of 4.

3. Capacity of hopper will be approximately 3 yd3 .

4. Motor driven shaker screen will be incorporated

to remove foreign matter such as large stones,

undergrowth, roots, and boards.

5. The hopper will be capable of depositing a uni-

form layer of soil on the moving belt. This

layer shall be variable from 1 inch to 6 Inches

thick.

6. Power requirements will be 220 v/ac, 3-phase.

The counting equipment used in the mining operation

was designed and fabricated by Eberline Instrument Corp-

oration, using RIDL Designer Series modules. The detec-

tor for the system was suspended from a structural steel

frame above the moving belt. The distance from the belt

to the detector face was capable of being adjusted to the

desired height by means of a telescoping frame lncorpor -

ated in the supporting structure. The detector and its

supporting structure are shown in Figure 2. 2. This figure

also illustrates the uniform thickness of soil on the mov-

ng belt.

The counting electronics for the mnling equipment

20
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consisted of the following:

(1) Preamplifier RIDL Model 31-20

(1) Amplifier, RIDL Model 30-20

(2) Pulse Height Analyzer, RIDL Model 33-10

(1) H.V. Power SupplyI RIDL Model 40-9

(2) Scaler) RIDL Model 49-28

(1) Timer) RIDL Model 70-10

(2) Cabinet and Power Supply) RIDL Mcdel 29-.

The preamplifier was mounted on the outside of the

detector. All other equipment was housed in a standard

Emcor cabinet with the exception of the timer. The timer

was used as a separate piece of equipment and could be pla-

ced at any convenient location near the counting electronics.

All counting equipment was housed in a small 8-foot square

building located approximately 300 feet from the screening

plant. This building had an air conditioning unit installed

for operator comfort and temperature stabilization of electronic

equipment inside the building. Power for all equipment

was obtained from a portable 25-kw motor generator set.

Preliminary checkout of all counting equipment and

detector took place at the Eberline Instrument Corporation

plant In Santa Fe, New Mexrco, In April, 1963. A pulse

21
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height spectrum was run at this time and is shown as Figure

2.3. Final thresbold and window settings were made at the

following points after confirming the spectrum with weapon

grade material:

Channel 1 (Am241 Chanel 2 (Pu239)

Threshold - 60.0 Kev Threshold - 10.OKev

Window - 20.0 Kev Window- 20.0 Kev

The front end skip loader was a diesel-powered Mich-

igan which was obtained from NTS at Mercury. The

loader bucket had a capacity of 2 1/2 yd 3 . Figure 2.4 shows

the skip loader, screening plant, and detector in operation

at the Roller Coaster site.

2.2 CALIBRATION

During the mining operation, several random samples

of soil were taken from the belt and placed in plastic cintain-

ers. The belt was stopped before each sample of soil was

removed and counted for a period of one minute. After the

sample was removed, a one minute background count was

taken prior to re-starting the belt. Clean Slate II samples,

I to 23 inclusive, represented an area 20 inches by 20 inches,

per sample, directly under the detector, and all subsequent

22



samples represented an area 24 inches by 28 inches. The

thickness of soil ranged from 1.0 to 2.5 inches and was

measured for each run. The calibration sample was blended in

six fractions, then 10% of each fraction was combined to obtain a

10% aliquot of the total sample. This aliquot was blended

further and a 20-gram aliquot was removed for radiochemistry.

Calibration factors based on these 20-gram aliquots are shown

in Table 2. 1 and Figure 2. 5. The calibration factor based

on the si:ven samples, for which the net Ai 241 count was

greater than background, constituted the best value based

on radiochemistry. This best value factor was:

1b.2I dgm pu239/& of soil
belt cpm Am"'I

Based on 15 g/curie, this factor can be expressed as:

~belt cpm Am

After the field operations we re completed, the validity of

taking small sotl aliquots was questioned. To obtain a cal-

ibration factor without taking small aliqucAs, the plutonium

canteot of each 10% aliquot containing approximately 2 kg of

soil was determined by gamma spectrometry. These re-

sults, tabulated In Table 2.2, provide a calibration factor .

23
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of:

0.16 AR ar %" fbelt cpm Am4'1

The calibration factor was also calculated based on

measurements with a 1-inch-diameter undegraded Am 241

standard. The efficiency was measured in all four quadrants

at 2-inch increments from the center o! the area viewed by

the detector. These efficiency values were weighted by

area and corrected for self absorption to obtain an overall

calibration factor. Thi "tor was 0.19&e &/M s
belt cpm Am z4

for both 20-inch and 24-4nch widths of soil on the belt. This

agrees with the calibration factor obtained by radiochemistry

and is close to the value from gamma spectrometry (0. 16).

The details of the calculation are contained in Appendix B.

This (0.12) is the factor used to convert counting data from

the mining operation of plutonium.

2.3 PROCEDURES AND OPERATIONS

Operation of the mining and belt scanning tquipment

was confined to Clean Slate U and M events. Prior to

the Clean Slate B event, the screening plant was transported

24



from base camp to a point 2,850 feet NW of CS II ground zero.

The counting shack, detector, and motor-generator were

placed 2,000 feet north of ground zero. Preshot checkout

was performed on all electronic equipment at this point.

On D+2 of the Clean Slate II event, the mining equip-

ment was moved into position. The screening plant was

placed approximately 100 feet west of ground zero. The count-

ing shack and motor-generator were placed 400 feet north of

ground zero. Before actual mining could start, several

large pieces of concrete debris had to be moved. These

pieces were randomly located inside the crater entrance and

were removed by a 5-ton crane. The skip loader was also

utilized for clearing the area as illustrated in Figure 2.6. The

rear coocrete wall of the igloo was blown to the rear of tt

bunker and provided a convenient entrance to the crater

since the east side was not easily accessible.

The skip loader started removing soil from the west

outside of the bunker. One hopper load was run through

the screening plant to check operation of all equipment.

Background readings were taken and a check source was

placed on the detector face to check calibration each t ime

25



the hopper emptied. The belt was moving at a speed of

4 feet per minute. After several hours of operation, it was

decided that the belt speed was much too slow. The sprock-

ets on the belt drive were changed after the fifth hopper

load, and the belt speed was therefore changed to 16 feet

per minute.

The following procedure was employed throughout the

Clean Slate II mining operation:

Both hoppers of the screening plant were filled. The

belt and shaker screens were started. When the soil on the

belt was directly under the detector head, the counting elec-

tronics were started. After the top hopper was emptied, the

belt, shaker, and counter were stopped. A 5-minute calibration

count was taken of the soil directly under the detector. The

soil which was counted was then removed from the belt and

placed in a plastic bag and marked. The empty belt was then

counted for I minute for background. A 1-minute count was

taken with a check source against the face of the detector to

verily calibration. The belt, shaker, and counting electronics

were started again and run until the lower hopper was

almost empty. At this time the equipment was stopped,

the count and count time were recorded, and the hoppers

26
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were filled again. Each hopper load was removed from a

p specific locationjand this location was recorded. Communi-

cations between the screening plant operations and the

coun ,ig shack operations were maintained via portable
I/

radios. A summary of data taken appears in Table 2.7 for

Clean Slate II and Table 2.8 for Clean Slate I.

Three days after the mining operation began on Clean

Blate I, the background count started rising noticeably.

It was discovered that small amounts of soil had been falling

off the belt, causing an accumulation of contaminants on the

ground under the belt. An area about 30 feet in diameter was

scraped off. The background was reduced by a factor of 2.

The ground Immediately under the detector was kept clean

from this time on.

All calibration soil samples were taken to the field

laboratory for analysis to determine how much Pu2 39 *"A

contained in these samples. The method and results of

the above analysis are covered In a later section of this

report.

The inside of the bunker was mined first to a depth

ti .
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of approximately 18 inches. The entire inside of the crater

was mined to this depth in a counter-clock-wise pattern

starting at the extreme northeast corner. The outside of the cra-

ter was then mined In the same pattern as the inside to a

distance of approximately 100 feet from ground zero. The

hottest area found inside the crater was mined to a depth of

4 feet or more to determine if further activity existed.

No significant activity could be found below the 18-inch depth

mined on the first pass.

Operations on Clean Slate U were closed on June 9,

1963.

Operations on Clean Slate M were set up on June 10,

1963. The screening plant was placed on the west side of the

bunker and the counting equipment was placed 350 feet northwest

of the bunker. An area measuring about 50 feet square was

scraped off before placing the screening plant to attempt to

reduce background from debris and contaminated soil in the

immediate area of the belt and detector. A small area was

also graded off for the counting building. Light standards

were fabricated and placed around the crater and mining

28



equipment so night operations could be accomplished.

Twenty-four hour operation started on D+2 and continued

through D+5 when Clean Slate M1 operations were completed.

Procedures used on CS M were identical to those used on

CS I except that fewer calibration samples were taken. This

was permissible because it was necessary only to determine

whether the ratio of cpm per yd 3 versus ;igm of Pu2 3 9 per yd 3

for CS IM was unchanged from the ratio found from CS 11.

Figure 2.4 illustrates the mining equipment in opera-

tion on Clean Slate 11I. All mining operations were com-

pleted on June 14, 1963.

It is pertinent to mention rad-safe procedures used

during the mining operation, since expected contamination

levels could only be estimated. No definitive guidelines

were available, since such an operation had never been

carried out. The skip loader was outfitted with two air

bottles and a Scott Air Pak for the opetator. This appa-

ratus was put in limited use on Clean Slate U nd I. The

dust hazard was not as severe as was originally anticipated.

This was verified by negative nose swipes taken on all
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mining personnel throughout the operation. All personnel

wore full rad-safe dress which included two sets of cover-

als, rubber totes, cotton booties, M-17 mask, cotton hood,

surgeons gloves, and cotton gloves.

A crew of four men operated the mining equipment and

counting electronics. Four shifts per day were run during

24-hour operations on CS M and two shifts per day were run

during 12 hour operations on CS II.

One man operated the skip loader and assisted two

other men working on the screening plant. The fourth crew

member was located in the counting shack operating the

counting equipment. A portable air sampler was kept running

inside the counting shack during the mining operation.

2.4 DICUSSION

In order to give a rapid field estimate of the plutonium

content of soil, samples were bagged, marked, and taken

to the field laboratory where twenty-gram aliquots oz blended

soil from the CS II and CS IT[ events were spread ev nly in

the bottom of a cut-off paper cup. The cup wa.R '2 inches in

diameter, which is 20 cm 2 n area; therefore, the soil
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thickness was 1 gram/cm2 . The vehicle-mounted gamma

spectrometer was calibrated using Pu standard #P1347 in
Ut

the bottom of the cup. To evaluate gamma attenuation by the

soil, the source was counted with anc Nithou. 20 grams of

soil cover. Greater than 99% of the Pu gamma was atten-

uated, but only 27% of the Am gamma was attenuated. Since

the Am is mixed throughout the soil instead of at the bottom

only, the effective attenuation was probably less than 10%

but certainly not more than 15%. For field estimates, this

was not consiu.:'ed significant and omitted as a factor in

calculation. If we assume that the Am 2 41 and Pu239 are

not fractionated during the detonation, we can estimate Pu

content of the soil based on the ratio 10:1}Pu gamma: Am gamma

which was observed in a source prepared from parent weapon

material. This initial field estimate gave 19.4 grams of

plutonium in soil mined on CS Hr and 21.0 grams of plutonium

in soil mined on CS lIl.

To evaluate some of the parameters that might affect

the calibration of the belt monitor, the shield, detector and elec.-

tronics were returned to the Eberline Instrument Corporatin,
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Santa Fe, New Mexico, and set up in a trailer to simulate the

counting configuration used in the mining operation. Each

of the aliquots, representing approximately 10% of the total

sample, was counted and compared with the original count of

the entire sample. These results, tabulated in Table 2.3,

indicate that the aliquot was representative of the total sample

for significant counts and, thus, for those samples which con-

tain the majority of the Pu. 13ach aliquot which was very

nearly 10% of the Initial sample was also counted clgser to the

detector. These aliquots were counted as a 2-inch-thick layer

of soil, 7 Inches in diameter and at a distance of 1.5 inches

from the face of the collimator. In this position, the soil

subtended the solid angle as viewed by the detector during

belt monitor operation. These results, tabulated in Table

2.4, also tend to validate the aliquoting t.schnique to the

extent that * 28% would be the error factor.

The relative efficiency of the belt monitor as a function

of source distance from the center of the area on the belt

viewed by the detector was checked with an Am24 1 source.
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The data are tabulated in Table 2.5 and are presented in graph-

ical form in Figure 2.7. These data were used to calculate

a calibration factor for the belt monitor for soil 20 and 24

inches wide on the belt. In both cases the factor was the same

as the empirical factor obtained from radiochemistry of the
original 20 gram aliquots (see Appendix B).

The effect of depth distribution in the soil was also

investigated and a self-absorption factor determined. This

was done using ten of the 10% aliquots counted individually

in thin layers then collectively in groups from two to ten.

The results of this experiment, tabulated in Table 2.6, in-

dicate 23% self-absorption for Am24 1 gamma from soil on the

belt.

2.5 RESULTS

The belt monitor data for CS II and Cs If are tabulated

In Table 2.7 and Table 2.8 respectively. The counting data

were converted to gi ims of plutonium as follows:

grams of Pu -(F) (W) (C)

3
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R

Where: F calibration factor based on radlochemistry

data and verified by calibration with a

standard Am24 1 source.

6
0.12 1 Pu yxmin

kg soil counts

W weight of soil passing under the detector,

kg/min, based on calibration sample

weight and belt speed.

C net Am24 1 gamma counts from the belt

monitor

The units cancel out as follows:

'LEL..R . ZWUIL k929 counts .g Pu
kg soil counts minutes

A total of 203 yd3 of soil containing 23.8 grams of

plutonium were mined in CS Ii and 380 yd 3 of soil containing

24.1 grams of plutonium were mined in CS IMI. Approximately

80W% of the plutonium associated with the soil scavenging was

contained within the crater.

The initial field estimate of 19.4 grams for CS I1 com-

pares favorably with the revised value of 23.8 grams.

Likewise the initial field estimate of 21.0 grams for CS M

34
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compares favorably with the revised value of 24.*1 grams. This

agreement illustrates the value of direct gamma counting as

a field evaluation tool.
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TABLE 2.1

PLUTONIUM IN SOIL FROM MINING OPERATION

T-Lab Be 4onitor Pu 239

No . IC No. Am ngt corn 2

0116 CSII 3 974 58,000* 1,200 60
0118 CS2329 750 41,000 * 800 15
0120 CSII 13 600 12, '0* 700 22
0121 CS 23 71,300 13,000 * 2,000 18
0122 CSII 6 330 6,100 * 300 18
0123 CSII7 2800 48,000* 1,000 17
052 CSII 8 1,070 15,400 * 700 14
0125 CSII 15 1,790 430,000* 21,000 24
0126 CSII 21 3,200 66,000 * 3,000 21
0127 cs 26 8000 1, 500 13
0130 CSIf 22 5,000 105,000*30,000 21
0131 CSII24 1800 20,400 * 1,000 26
0133 CSU 5 340 10,000* 300 29
0134 CS1 28 1,000 37,500* 1,100 30135 CSII 360 3,000, * 90

0136 CSI 17 730 19,000 * 1,000 260138 CS11 19 1,140 16,600 *t 400 14
0139 CS11 18 890 19, 100 * 400 21
0141 CSM 7 153 2)720, I 0 18 _
0142 CSIII 13 300 15,600 * 700 52
0143 CSM 4 340 9,200* 400 27
0144 csm 8 840 15,700 * 700 19
0145 CSm 11 800 13,800 * 600 17
0146 CSm 8 12,230 141,000 * 4,000 12

OF - factor to convert Am 4 1 gamma net cpm to dpm Pu2 3 9 /g
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TABLE 2.2

CALIBRATION OF BELT MONITOR
Based on Am 24 1 Gamma Spectrometry

A B
T-Lab Aliquot Belt Monitor24 1  Ratio

Event No. Weight (1 Ne t corn Am -u ol* _"

CS II 120 1.77 600 206 0.3

122 1.86 330 429 1.30

126 1.52 3,200 590 0.18

130 0.98** 5,000 838 0.17

131 1.83 1,800 286 0.16

132 1.81 4,700 818 0.17

138 1.86 1,140 368 0.32

139 1.79 890 208 0.23

CS 11 140 2.14 2,068 215 0.10

144 2.04 840 197 0.23

Mean ratio 0.32 1 0.35 jig Pu per Kg Soil

Median ratio 0.205 1 Net CPM Ama l

Mean o net cpm >bkg 0.1680.03

Meda o net cpm>bkg 0.16

Gamma spectrometry data provided by Hazelton Nuclear Science
Corporation.

S This aliquot represented 6% of the total sample instead of 10%.
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TABLE 2.4

COMPARISON OF COUNTS FROM BELT MONITOR

A B
T-Lab Original Cot% Aliquot Count Ratio

fi&U Net cn (Am2 )  Net com (Am 4 1 ) A/B

120 600 2,021 0.30

121 7,300 11,487 0.64

125 1,790 1,357 1.32

126 3,200 4,715 0.68

127 800 1,409 0.57

131 1,800 2,295 0.78

134 1,000 1,646 0.61

136 720 1,301 0.55

138 ',140 2,694 0.42

139 890 1,846 0.48

144 840 1,712 0.49

145 800 852 0.94

146 12,230 12,882 0.95

147 620 1,034 0.60

148 381 597 0.64

150 411 309 1.33

152 534 '111 0.87

! I
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Table 2.4 (Cont.)

A B
T-Lab Original Count Aliquot Count Ratio

N gpmm 2 4 1) Net cpm (Am 24 1)  A/B

153 425 618 0.69

155 807 729 1.11

Mean ratio 0.7 4 * 0. 29 Original Count
I Net CPM (Am u4 )

Median ratio 0. 64 Aliquot Count
Net CPM (Am u l )

Mean of net cpm bkg 0.85 0.28

Median of net cpm bkg 0.95

Theoretical factor based on 25% ingrowth of Am24 1 0.80
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TABLE 2.6

EFFECT OF DEPTH DISTRIBUTI.,-

No. of layered Sum of individual Observed %
samples &Rm (A52411 or (AM241) Absoriion

0 0 0 -

1 650 650

2 798 792

3 1296 1350

4 1451 1431

5 1857 1754 5

6 2018 1811 10

7 2318 7016 13

8 2541 2098 17

9 2832 2264 20

10 3097 2398 23
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P~iiu 2. Eart screen l~ant. (!)4AA-133-0 1-TTR-63)
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Figuxre 2.2 Detector unit over belt showing support
framo and position relative to soil. (DABA-133-TTR-83)
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PULSE HEIGHT SPECTRUM
BELT SCANNER FOR EARTH
MINING.
WINDOW WIDTH a 0.2
SOURCE: 1.5X106 ALPHA CPM PU23
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ftgur 2.4 Earth mining equipment. (DASA-139-51-TTR-8S)

so



H4-

-Al -...... ~
lux

. .. .. . .

............. ,." .

.. .....

-41.

IMP-

too I.. G



P-4

CO

toI

524



. . . . . .... . .

I--- _____________7___

.... ......

*......iu: t:~2 ,. ....

* tt~tj53
- - 4 -* -



CHAPTER 3

EARTH CORING

In the conceptual stage of Operation Roller Coaster,

little was known concerning the eventual location of the

plutonium involved in a detonation inside a storage igloo.

It was considered that the major portion trapped by the

overburden could be deeply buried, thoroughly mixed, or

located predominantly on the surface after the detonation.

To settle this question, a requirement was placed in Proj-

ect 2.1 to investigate the problem. For a solution, It was

necessary to design and fabricate suitable coring equip-

ment and core evaluation equipment. Coring equipment

was a completely separate design task, while the core

scanning system desip using the low-energy gamma-detection

technique proceeded concurrently with that for the vehicle-mounted

gamma scanner and the belt scanner insofar as the detec-

tor and electronics were concerned. The mechanical design

of the core support and indexing mechanism was also a

special design task.

The objectives included in this task were:

*54
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1. The design and operation of an earth coring device,

scanning equipment, procedures, and accessory

devices.

2. The evaluation of soil cores for comparative depth

distribution of activity.

3.1 INSTRUMENTATION

Three basic pieces of equipment were required to

carry out the earth coring procedures and evaluation for

Operation Roller Coaster. These were:

I . A mechanical soil coring device.

2. A detector and electronics system for evaluating

soil cores.

3. A mechanical core support and indexing system.

3.1.1 Soil Cortn Device and Tools. At first glance,

it would seem a relptively simple matter to obtain soil core

samples meeting the requirements of Operation Roller Coas-

ter, but further examination of the problem and criteria

clearly indicate that this was not the case. The prob&,!m

was to remove a soil sample contaminated with plutonium

in such a manner that stratification of the core and the

resultant hole would not be disturbed. The core sample

could be a maximum of 4 feet in length and would probably 4

05
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be taken in dry, loose powdery soll containing a mini-

mum of debris. In addition, the following criteria were

established:

1. Require a minimum of effort by personnel using

the coring system, because of the adverse con-

dition of working totally enclosed in anti-con-

tamination clothing.

2. All manipulations must be done with heavy gloves.

3. All equipment must work in extremely dusty and

high outdoor temperature conditions.

4. Planar orientation of core removed from hole must be

maintained.

5. Soil sample must at no time lose its stratifica-

tion identity.

6. The hole left by removing the sample must be

undisturbed.

7. The hole must be large enough so that a radiation

instrument may be inserted in the hoa.

8. The hole must have a casing with a minimum

density of material so that low-energy radiation

may pass through (11-key energy).
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9. The core sample removed must have a casing
i which is of low density material so that low-

energy radiation may pass through with minimum

loss (17-key energy).

10. Transportaticn of the samples must not disturb

stratification and identity of material placement

in the sample. The outside of these samples

must be easily decontaminated so they may be

surveyed In a clean area.

11. The equipment must be simple enough to be op-

erated by non-skilled personnel.

12. Sample plugs of the core sample may be taken

without damaging the core or contaminating the

working area.

13. A method of taking a soil sample must be ready

in 30 days for a bunker test.

14. The final production soil coring device must

be complete within 60 days.

With these criteria In mind, the following possibili-

ties were reviewed:

I. An auger boring type that would lift the soil
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out on the auger.

2. A vacuum cleaning method whereby the soil is

sucked out of the hole and redeposited in a tube.

3. Driven mechanisms which would go down inside

a tube after it is driven into the soil and clasp

the end by either mechanical air pressure or

hydraulic means.

4. Standard sore drills which rotate as they go

downleaving a core sample.

Ater exhaustive research and experimentation, it

was concluded that the driven method was the only one that

seemed to give promise of fulfilling the established cri-

teria.

It appeared that if there were to be a thin core sample

retainer, it would be necessary to drive both the .:asing and

sample retainer at the same time. It became obvious that the

driven casing must be thin. The Inside soil core retainer

also had to be thin so that there would be a mnnimum of soil

displacement as the oystem was being driven to the ground.

Mylar sheet, 0.007 inch tnlc':, was rolled into 2-

inch tubes and fastened tqgehr with double sticky scotch
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tape. This in turn was inserted inside a steel casing. A

very thin operating mechanism between the mylar Inner

liner and the outside casing was developed from flat nylon

lacing cord which did not require much space and could be

tucked away at the bottom of the tube.

A simple closnre design was len developed which

had a single flap that could be pulled over to one side to

seal the end. Only three manipulating rings were required

to pull this flap up and seal properly. Refinements of the

core container were made mainly by adding accessory tools

such as a cord tension tool and a driver tool. The driver

tool was designed to hold the inner core as well as drive

the outside casing. A Black and Deckcr type electric hammer

was selected as a driving system, because it was to operate

in dusty areas without failure and it had the necessary power

to drive the two-inch cylinders into the ground.

After the soil coring method was finalized, it was neces-

sary to develop accessories in order that rion-sidlled operators

could use the system. The folluwing devices were developed

as accessories to help the operator:

1. Soil core power driving adapter.
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2. String tension and withdrawal tool.

3. A sample hold transfer casing tool.

4. A portable scaffolding system.

5. Core sample holding and handling boxes.

6. A soil sample sealing method.

Upon completion of the initial equipment, an oppor-

tunity to field test the system was available at China Lake

Naval Ordnance Test Station in California. This was a

bunker shot and all equipment was ready and In place in time

for the shot. However, through a misunderstanding cf

construction criteria at China Luke, the bunker was inad-

vertently compacted and did not provide a suitable medium

for testing the coring equipment. Soil cores were taken un-

der field conditions, but their quality was poor; the exercise

did, howevcr, provide a limited test that resulted in some

design improvements.

The captions and photos of Figures 3.1.- a through

3.1-1 more fully describe in detail the operational proce-

dures used in the field.
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3.1.2 Detector and Electronics for Soil Core Scan-

n . Thr; detector design for the core scanner was start-

ed concurrently with the detectors for the belt scanner and

the vehicle-mounted gamma scanners. Desin of all de-

tectors was made the same for ease of field service and

design simplicity. The photomultipliei tube was a 3-inch-

diameter DuMont 6363. The detector was a 2 1/2-inch-cdiam-

eter by 1-inch-thick Nal (TI) crystal, Harshaw type HS,

with a 0.001-inch-thick aluminum window. The phototube

was shielded by 2 inches of lead and housed in an 11-inch-

diameter steel pipe. Provisions were made for a compart-

ment inside the detector for dry ice to cool the phototube

if necessary. The lower section of the detector was remov-

able. A ho'e was placed in this lower section so that the core

sample could be passed through normal to the photoinulti-

plier tube. In this manner, the phototube scanned a section

of the core sample which measured 2 inches in diameter.

In order to scan the entire core in any one position, the core

was rotated to each of four quadrants.

The counting electronics for core scanning consisted

of the following:
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(1) Preamplifier, RIDL Model 31-20

(1) Amplifie RIDL Model 30-20

(2) Pulse Height Analyzer, RIDL Model 33-10

(1) H.V. Power Supply, RIDL Model 40-9

(2) Scaler, RIDL Model 49-28

(1) Timer, RIDL Model 70-10

(2) Cabinet RIDL Model 29-1

The preamplifier was mounted on the outside of the

detector. All other equipment was housed in a standard

Emcor cabinet except the timer.. The timer was used as

a separate piece of equipment and could be placed at any

convenient location near the counting electronics.

Preliminary checkout of all equipment took place at

the Eberline Instrument Corporation in Santa Fe, New Mexico.

A pulse height spectrum was run, and a curve of ttis

spectrum is shown as Figure 3.2. Settings for the counting

electronics were as follows:

H.V. setting 840volts
Window wdtji, 0.2
Operational mode, differential
Coarse amp gai 1/8
Fine amp galn, 0.05
Source used for spectrum Pu23 9

EIC source 4P524, 1.t x 108 cpm alpha &z *
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Final threshold and window settings were made at

the following points:

Ch~ejI JA241)Channel 2 (Pu 239)

Threshold, 60.0 Key Threshold, 10.0 Key
Window, 20.0 Key Window, 20.0 Key

a.1.3 gore su2Rort and Index~ng Mecanism, In order

to insure accurate and consistent positioning of soil cores

for scanrIng, a special support and Indexing mechanism

was designed and produced. This portion of the core-scanning

system consisted of a track which was ii two pieces. One

section of the track wAb mouinted at each side o~f the detec-

tor This track had rollers to guide the (.ore sample into the

detector.* One of the tracks contained a movable Indexinrr

head wh1,,h slid alcng the track to indicate core position. A

scale was eng!raved on the track to aid In posltoning.

3.2 CALIBRATOI

The soil coring equipment reqjired no cilibration.

Core scani-Intr equipment did not require actual calibra-

tion, shice this was only a qualitative investigation; but

I proper operation was checked by the use of a stapdard plu-

tonium source and a ki~ckground check prior to xcmnning
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3.3 PROCEDURES AND OPERATIONS

Core-scanning equipment was first set up in a small

shack 3,000 feet north of ground zero, Clean Slate UI.

After the Clean Slate II event, the entire shack was moved

to approximately 400 feet north of ground zero. Forty-

one soil cores were taken on D+J from the inner and outer

walls of the crater, as well as on the lip as shown in Figure

3.3. After wiping the surface of the core samples with a

damp Kemwipe and monitoring the outside surface of the

cor(os with a PAC-3G it was determined that the surface

uas free of contamination. Due to the inconvenience of

counting the cores in full anti-contamination clothing and

since the core tubes were not contaminated, the equipment

was moved into Base Camp and set up 4n a trailer where

the counting oper9.ions were performed (Figure 3.4).

Forty-five soil cores were taken after the CS I event

on Dv- und D+1 kt locations shown in Figure 3.5. The

soil-corug operattoas were carried out very Luccessfully

by crews u&ging basically the same procedure as previously

described, while dressed iv MilJ anti-contamination cloth-

ing (Figures 3.6-a, b, c, d, and e).

64



The cores for Clean Slate 11 and II were counted in

each quadrant at 2-Inch intervals along the length of the

core. In general it was found that all of the contaminated

soil was to be found in the first 3 inches below the surface

of the ground. This information proved to be valuable in

the minig operation which followed.

3.4 DISCUSSION

The soil-coring operations proved to be very success-

ful in obtaining core samples. The gamma scanning tech-

nique was an excellent method for qualitative deteirmination

f1

of the vertical distribution of the plutonium. Initial core

scanning data were useful as a guide to carrying out min-

Ing procedures. Preliminary scanning was carried out for

all soil core samples at the trailer in Base Camp at the

Tonopah Test Range; but since project personnel had some

doubt as to the accuracy of all data, soil cores were returned

to Eberline Instrument Corporation in Santa Fe, where

they were again counted.

After counting proceaures were complete, certain

cores were selected for radiochemical analysis for comparison
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to gamma counting. In some cases, 20- gram aliquots of a

1- inch section of the core were analyzed by radiochemistry

and in other cases, the entire core sample was analyzed in

1-inch sections.

3.5 RESULTS

The gamma scanning data for soil cores is presented

in Appendix A. Evaluation of this data indicated that most of

the plutonium was contained in the upper 3 inches of the soil

cure, with a few exceptions. These exceptions generally

occurred w ithin the crater or at a location where earth slip-

page tubsequent to the detonation was considered to be the

most probable cause of the increased depth of burial.

Quantitation of gamma scanning data through radic-

chemistry was performed on selected cores. The depth dis-

tribution curve could be validated (Figure 3.7) by this method

so long as each incremental sample was analyzed in toto.

Such was not the case if only an aliquot of the sample was

analyzed.
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Remove red plastic protector caps from each end of loaded
coring tube assembly. Inspect to see that tube tip bushing
is in proper place with fingers pointing in and covering
closirg strings.

Push core tube assembly vertically into soil by

band as far as possible. Push on outer tube only.

Figure S. I& Soil coring procedures. (Eberline Instrument photos)
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Remove driving tool. bispect sample depth in coring
tube. I more than one-third of the sample has settled
or displaced, a new core should be taken. Place ex-
ternal tube hold over the assembly as shown.

Place closing cord tension tool in inner core tube and
draw tension only on the two outer strings. Avoid
excessive tension which will break .trtn:*.

Figure 3. Ic Soil coring proce&rs (continued). (Eberline Instrument photos)
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R~emove two outer closing strings from tension tool and
pull iLenaion on middle string only. At this time the inner
core tube retainer flap should be partially closed.

Uemove string tension tool. Mix polyurethane in can for
30 seconds only while stirring vigorously, Immediately
pour into coring tUbe. Allow to set for 20 minutes.

Flpre 3. Id Soil ooring procedares (continued). (Eberilne Izistument photos)
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PULSE HEIGHT SPECTRUM
EARTH CORE SCANNER
WINDOW WIDTH a0.2
SOUIRCE:I1.5 X106 ALPHA CPM Pu25

SO URC E:P-52

I5
17 KEY Pu239 PEAK

CPM

I04

60 KEy
AM 2 1 PEAK

102
0 1.0 2.0 3&0 4.0 5.0 6.0 7.0

THRESHOLD SETTING (POTENTIOMETER)

Figure 3.2 Checkout of pulse height spectrum for core scanner.
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CHAPTER 4

EARTH THROW-OUT

In order to evaluate mixing and total plutonium con-

tent of the overburden soil from Clean Slate II and IM, it

was desirable that soil samples be collected which were

separated from the surrounding soil and consisted only

of overburden material. Also, such samples would re-

duce the total volume per sample which had to be analyzed.

Initially, it was considered that special trays would be

fabricated. Experience at Sideshow proved the efficacy of

plastic-lined galvanized tubs and pie pans. These were

selected in the interest of increasing the density of collectors

without increasing the cost over that of a few special trays.

The group implementing the earth throw-out portion of

Project 2.1 participated only in Clean Slate 13 and I,

as a sample collection team in support of Project 2.6, Special

Particulate Studies.

4.1 INSTRUMENTATION

Instrumentation for this work was very simple and

inexpensive. Calculations were made as to throw-out dis-

tances, and five-gallon wash tubs lined with plastic bags
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were used as collectors within 300 feet of ground zero (Fig-

ure 4.1). The tubd were buried so that only about 2 inches

of the top protruded above the surface. This procedure

minimized blast fragmentation and missile damage and

reduced the possibility of resuspension contamination. At

greater distances, 8-inch aluminum pie pans were used

and held in place by a spike which was then taped over.

Instrumentation arrays were similar for CS II and CS l and

are shown in FIgures 4.2 and 4.3.

4.2 PROCEDURES AND OPERATION

Instrumentation was placed on the arrays at D-1.

After each event, a visual Inspection was made of each

station by 2.1 personnel, and tubs which contained a signif-

cant sample had the plastic bags removed and the con-

tents placed in polyethylene bottles. Personnel of the

special recovery team removed the samples and returned

them to the sample processing and control center.

4.3 DECUSSIM

The use of tubs and pie pans as a co;ection device

for umdiluted Igloo soil samples was bastcally successful,

but many difficulties were encountered, not so much with

54



procedures, as with unintentional destruction and perturba-

tions of the array layout. With collectors being placed at

D-1, vehicular traffic in the array areas destroyed some

of the stations. Seventeen samples were collected from CS II

and twelve samples were collected from CS IMl. The size

of these samples varied from a few ounces to several pounds.

The samples were barned in to the sample control center

for further distribution and processing,

4.4 RESULTS

In all, 29 samples were collected from the two events,

from locations shown In Figures 4.2 and 4.3. The area of

tub collectors encompassed the area where throw-out was a

factor. The pie pan array was essentially superfluous.

pn d 1 mwm~m are• • .umtw a~ inlimp~nn e w mm• $



-. low :

Figure 4. 1 Plastic-lined collector in throw-out area. (DASA-128-02-TTR-63)
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CHAPTER 5

CONCRETE CORING

5.1 INSTRUMENTATION

In order to insure that every potential scavenging

effect was investigated and that accountability data would

include all sources of deposition, it was necessary to de-

vise a method to evaluate concrete GZ pads for plutonium

content. It was originally anticipated that this would be

accomplished by removal of the concrete cylinder 1/ inches

long by 2 inches in diameter. Considering the per-

sonnel and equipment requirements necessary to obtain

such a core sample, and the fact that it might have to be

obtained under very adverse conditions, other methods

for collecting the same data were investigated. Final eval-

uation of hese methods resulted in a special design bas-

ically incorporating a star drill and an electric power

hammer coupled with special techniques and procedures and

employing a somewhat different philosophy as to the

character of the sample obtained. Instead of taking a solid

core for examination, the star drill would powder the con-

crete to the desired depth, le..,. ag a hole that could be
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measured for depth of penetration if necessary. The result-

ant powdered concrete could be more easily examined by

radiochemistry and gross counting for plutonium content.

The major problems anticipated with this procedure were

provention of cross-contamination, operation in a windy

situation, and pick-up bf concrete dust. The following

pictures and list of equipment and procedures will illustrate

how these problems were solved.

Equipment retuired:

1. Black and Decker electric hammer, #104, 11SVAC.

2. A rotating electric hammer handle, Black and

Decker #21726.

3. Two-inch electric hammer star drill 18 Iaches

long.

4. Dry stick.

5. Rubber plunger dust shield.

6. Small size polyethylene wide-mouth bottles.

7. Twelve-inch square mylar mask with a 2-inch

hole in the center.

j. A 2-inch metal disc to act as a dry stick mask.

9. Pick-up spatulas and spoons.
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Procedures:

The procedure for obtaining a concrete core sample

is described and illustrated in Figurcs F 1- a, b, and c.

5.2 CALIBRATION

The concrete coring device was purely mechanical and

required no calibration. Calibration procedures have been

previously described for the electronic equipment and de-

tectors which were used to evaluate the concrete core samples.

5.3 PROCEDURES AND OPERATIONS

The established and tested procedures and equipment

were used on all four events of Operation Roller Coaster

under field conditions and operatee very effectively in all

cases. The samples obtained were sealed in wide-mouth

polyethylene bottles, marked for identification, and for-

warded to the sample control center for further processing

and distribution.

5.4 DISCUSSIONT AND RESULTS

Since the basic task of this group war to obtain suit-

able concrete core samples from certain events of Oper-

ation Roller Coaster, it can be stated that this task was
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100% successful. Core samples were obtained from each

event, and their locations are shown in Figure 5.2, 5.3, 5.4,

and 5.5. Table 5.1 is a compilation of pertinent data con-

cerning the individual samples from each event.
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TABLE 5.1

CONCRETE CORE SAMPLE DATA

T-Lab Weight Aliquot dpm total
Sample Location (g) wt. (g% sample n2

Double Tracks
002 C-07 65.2 2.8 2.70 x 10 62
003 Q-11 72.8 6.7 1.20 x 107 27
004 1-02 39.0 4.9 7 ,2 x 106 165005 X-17 91.3 75 3,45 x 106 7.9
006 A-19 86. 6.0 3.93 x 106  9

Clean Slate I
009 C-03 43.2 10.9 4.9 x 105 1.12
010 C-21 38.6 12.9 3.5 x 10 .80
012 K-03 91.0 20.4 5.66 x 104 .13
011 V-21 .9.4 10.7 5,500 0.0
013 V-08 37.6 Lost in prcess
014 V-03 52.3 12.3 6.2 x 10 1.42

Clean Slate II
018 SW 58.5 10.5 2.23 x 106 5.11
019 NE 85 17.5 1.74 x 106 3.96
021 NW 52 12 5.8 x 105 1.32
022 V Center 55 15.5 1.53 x 108 353.
023 8 Center 51 31.5 1.31 x 106 3.02
020 SE 58.5 Lost in Process

Clean Slate III
094 SW 60.5 60.5 4.6 x 106 10.5
095 W End Mid. 32.0 32.0 2.36 x 105
096 S Middle 84A 20.0 1.93 x 105 .44
097 N Middle 30.. 30.8 5.0 x 107  114.
098 NW 20.4 20.4 1.9 x 106 4.3
099 Middle 50.0 50.0 7.6 x 10 1740
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Removing cored powder. A small spatula or spoon is
used to pick up the loose powder and transfer it to a
wide mouth polyethylene bottle. This bottle is capped
and sent to the field laboratory for blending prior to
chemical analysi.

C Figure 5. lb Concrete coring proceduires (continued). (Eberline Instrument photo)
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CHAPTER 6

ALPHA SURVEY AND GAMMA SURVEY ACTIVITIES

6.1 GENERAL

Alpha survey with the Eberline PAC-3G, gamma

survay with the vehicle mounted gamma scanner, and the

plutonium gamma probe have been described in detail In POR

2505 (Reference 3). Since Project 2.1 and 2.5 (Reference 3) over-

lap to some extent in the area from ground zero to 2,500 feet,

alpha survey plots and vehicle mounted gamma scanner con-

tours reported in Reference 3 are repeated for conven-

ience (Figure 6.1 through 6. 8).

In addition to thcee activities, numerous special

applications and su~rveys were made, particularly very

closein to ground zero, predominantly with gamma sur-

vey techniques, since contamination levels were very high.

As well, some surveys were required at such time that

weathering had degraded the plutonium contamination to the

degree that alpha survey was totaly unreliable.

Since these activities were carried out by both Project

2.1 and 2.5 purisonnel and in maay cases were the result

of observations or ca-the-spot requirements, no attempt

will be made to describe the instrumentation i Le detail



or order that has been used in previous chapters. Rather,

it is believed that a narrative format concerning each event,

followed by a compilation of data gathered on each event

will present a much clearer picture of these interrelated

activities.

6.2 SPECIAL ACTIVITIES

6.2.1 Double Tracks. The discovery of extremely

high contamination levels around DT GZ led to evaluation

by the vehicle mounted gamma scanner and the PG-I. At-

tempts were made on D-Day to make measurements near the

steel plate with the PG-i and the vehicle-mounted gamma scan-

ner, but levels were so high as to cause all equipment to

peg. On D+4, PG-1 readings were made on the concrete

pad, but the steel plate was still off scale. On D+8, PG-1

readings were taken again . the same location, as well as the

steel plate at locations shown. A concentric circle survey

with the PG-1 out to a radius of 100 feet was also made on

D+8. The results of these surveys are shown In Figure 6.9.

6.2.2 Clean Slate I. The high levels observt.c on DT

led to immediate evaluation of the CS I concrete pad as soon

as possible after the event. The concrete pad was highly
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contaminated by the event and ribbons of sand near the pad

also showed high levels. The vehicle-mounted gamma scan-

ner made measurements over each corner of the pad on D+1,

and PG-1 readings were taken on D+I and D+7. The results

are shown in Figure 6.10.

6.2.3 Clean Slate II and IM, In addition to mining,

core sampling, and routine techniques already established

for evaluation of the igloo structure area, the vehicle

mounted gamma scanner conducted surveys in concentric circles

around these areas, varying from a radius of 50 to 100

feet in 10-foot increments for CS II on D+4 and from a radius

of 72 to 200 feet in 16-foot increments for CS Ill on D+1.

The details and resultant readings from tese surveys are

shown in Figures 6.11 and 6.12.

6.3 DISCUSSION AND RESULTS

Although alpha survey is a well established and accept-

ed procedure for the evaluation of plutonium deposition on

the ground, its limitations are also well known. The contam-

ination levels encountered in the GZ areas were either be-

yond the limits of alpha survey radiacs or were degraded

by weathering or deposition depth to unacceptable limits.

Alpha readings could be made with a pre-production model
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of a Ruggedized Alpha Survey Probe (Eberline RASP-i) which

could be collimated and thus reduce the sensitive area of the

probe by a factor of 750 However, the valic ity of the read-

ings could not be accepted, since the self absorption effect

of the relatively thick layer of plutonium could not be cal-

culated.

In the case of the plutonium gamma 3urvey technique,

much valuable data was gained close-in that would have

been otherwise lost. The gamma scan technique was not

intended to be a truly quantitative measuring device in

Roller Coaster, but as the operation proceededfthe value

of this technique became more obvious, and more credence

was placed on its measurements. Project 2.5 established

ratios for both the vehicle-mounted gamma scanner and the

PG-1 probe in relation to the PAC-3G as follows,

PAC-3G to VMGS 20:1

PAC-3G to PG-I =60:1

These factors are considered reliable and can be used for

further correlation, once an accepted correlation factor

for conversion of PAC-3G readings is established.
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CHAPTER 7

FOLLOW-ON DEBRIS STUDY

7.1 BACKGROUND AND OBJECTIVES

The observations of the very high levels of contami-

nation associated with the 8 foot by 8 foot steel plate used as

a GZ point for the Double Tracks event, and subsequent

evaluation of the limited data obtained from it, led to the

establishment of a special project termed Roller Coaster

Follow-On. This project began work In November, 1963

and this chapter will discuss the salient points of this work,

with a brief description of instrumentation and procedures,

the results, conclusions, and recommendations.

Briefly stated, the objectives of the Follow-on work

were:

1. Recover DT steel plate and a part of CS II and

CS III metal igloo debris buried at the Tonopah

Test Range, Nevada.
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2. Investigate plutonium depositior, patterns and

amounts fixed to metal surfaces, employing

radiochemistry, radioautography, metallurgy, and

field alpha and low energy X-ray and gamma counting.

3. Correlate existing deposition patterns and

amounts to an estimate of original scavenging.

4. Provide report with raw data.

5° Insure protected storage for debris for possible

future research programs.

.'he scope of these objectives was considerably ex-

panded from time to time, since greater interest was ex-

pressed as data began to indicate the importance of the

scavenging effect.

7.2 INSTRUMENTATION

The contamination level on the Double Tracks

plate was known to be high, bt levels on the igloo debris

were unknown. The size of individual pieces also had to

be considered since the Double Tracks plate was 8 feet

square and weighed approximately 2,600 pounds (Figure 7.1).

All that was known of igloo debris was that it consisted of
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large, mangled pieces of corrugated iron (Figure 7.2),

Therefore, plans were made to use the various techniques of

radiation detection, radioautography, and radiochemistry,

in a manner" best fitting the situation at the time.

The basic approach to quantitative plutonium eval-

uation on the DT steel plate was through radioautography.

X-ray film (14 inches by 17 inches)was used for qualitative
h

evaluation, while Dupont 555 dosimetry film was used for

quantitative evaluation, to measure the 60-Key gamna em-

ission from Am 2 4 1 by density correlation. Since the accuracy

of film dosimetry would depend on the Pu 2 3 9 - Am2 4 1

ratio remaining constant, it was necessary to determine if

this were true. A scaffolding framework was built to allow

the detector from the vehicle-mounted gamma scanner to

be accurately mov d in small increments, thus scanning the

entire plate in detail. The face plate of tUe detector assembly

was modified to provide the detector crystal only a 1/2-inch

diameter collimated view of a portion of the DT plate. The detec-

tor assembly was connected to the installed electronics in the

vehicle, with one man positioning the detector, and one man

reading and recording both the Pu 2 3 9 and Am 2 4 1 channel

readings.
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After recovery of the igloo debris at Tonopah, PAC-

3G alpha counters, PG-1/PAC-1S plutonium gamma detect-

Ing radiacs, thin end-window geiger counters, and the RASP-

I (Ruggedized Alpha Survey Probe) were all used to roughly

screen the debris (Figure 7.3). None of these portable de-

vices were entirely suitable, but the PG-1/PAC-1S appeared

to hwave the best capability for the problem at hand. It was

decided that this would be the primary instrument for evalu-

ation o, the igloo debris. The P,, '-3G was used only for

contamination control.

The techniques and equipment of radiochemistry were

used to evaluate small samples of igloo debris for total plu-

tonium to provide correlation with PG-i readings and film

density, These pieces were cut from debris with a sabre

saw (Figure 7.4). In addition, debris from a decontamina-

tion exercise on the DT plate was analyzed completely.

7.3 CALIBRATION

The gamma scanner was calibrated with standard plu-

tonium sources in the same manner as described in Reference

3. Since the gamma scan was to be only relative in validating

a constant Pu to Am ratio, no attempt was made to obtain
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high level plutonium sources for quantitative evaluation.

Calibration of the PG-1/PAC-1S was accomplished

with known 2 7 emission plutonium sources, to insure that

all measurements were related to the same baseline. This

was not true calibration, since contamination levels of im-

portance were far in excess of existing sources, and some

non-linearity was known to be inherent in the PG-1 probe.

To obtain confident correlation ( or calibration) factors,

igloo pieces smaller than the active area of the PG-1 de-

tector were seculred with varying activity, and the PG-i

reading in cpm from each compared to total Pu deposition

in micrograms as determined by radiochemistry. A graph

of this data (Figure 7.5) provided the basis for a cpm-mi-

crogram conversion table (Figure 7.6).

7.4 PROCEDURES .- ND OPERATIONS

After excavation of the DT steel plate and CS igloo

debris at Tonopah, the material was packaged and trans-

ported to previously prepared facilities at the Nevada Test

Site. The steel plate was placed in a specially fabricated

steel tray to prevent spread of contamination. The scaffold-

ing was erected and Pu - Am measurements were made every
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2 inches in both directions on the steel plate (Figure 7.7)0

In all, 2,209 measurements were made and recorded for the

steel plate in addition to many other experimental meas-

urements.

The entire plate was covered with 42 sheets of 14

inch by 17 inch X-ray film and exposed for 19 hours (Fig-

ure 7.8). This was a purely qualitative exercise to deter-

mine distribution patterns on the plate, and the results were

more than impressive. Figure 7.9 is a transmitted light

photograph of the resultant 8-foot-square radioautograph.

Four thousand four hundred Dupont 555 dosimetry film

packets, shielded with 1/16 inch aluminum, were placed so

as to cover the entire plate and were exposed for 16 hours

(Figure 7.10). These packets were developed and rep' In

four places for density resulting from exposure to the 60-Key

gamma emission from Am 2 4 1 .

Igloo debris was scanned by placing the PG-I probe

on the metal surface, recording the reading, moving the

probe a distance about equal to its diameter and success-

ively repeating this process until the entire surface had been

scanned. Forty-one individua] pieces oi the igloo debris

were scanned in this manner. Tables 7.1 and 7.2 are a
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'ompilation of the data gathered.

X-ray film placed on the igloo debris showed a very

splotchy and uneven deposition (Figure 7.11). Another in-

teresting aspect clearly illustrated by the radioautography

and verified by PG-I measurements was the directional

deposition effects. Figure 7.11 is a photo of an X-ray

radioautograph with the dark areas indicating heaviest con-

tamination levels. These areas were parallel to corruga-

tions and the fact that deposition occurred repeatedly on the

same side of the corrugations indicates that the plutonium

was traveling in straight lines, impacting with greatest con-

centration In areas perpendicular to the line of travel.

In order to determine the degree of plutonium fixation, a

portion of the DT plate and selected igloo debris pieces were

subjected to similar decontamination procedures, with meas-

urements being taken before and after application (Figure 7.12).

Alcohol, lacquer thinner, paint remover, and water were

applied with scrubbing brushes, wire brushes, and steel wool.

It was found that plutonium on the plate was loosely fixed,

while that on the igloo debris was very tightly fixed. It was

observed that when high levels of contamination on igloo
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debris were associated with an easily identified haia ceram-

ic-like scale; the scale would flake off, carrying most of

the plutonium with it. When this scale was ,ujsoit ar., high

levels were found, the plutonium was more tightly fixed,

7.5 DISCUSSION

The most important point to be emphasized and kept

in mind in any discussion of the Follow-on work is thait re-

sultant numbers cannot be absolute. There are so many un-

knowns associated with this work that cannot be resolved,

that even relative values may be questionable. The original

deposition cannot be accurately determined because the effects

of weathering, burial, physical treatment by heavy machinery,

location at time of detonation, and many other factors cannot

be properly evaluated. In view of these variables, numbers

can only be estimated based on data gathered after the fact,

correlated with prior Roller Coaster data, and coupled with

judgement and experience gained during the course of this

project.
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7.6 RESULTS

7.6.1 Double Tracks Steel Plate. The original esti-

mate of plutonium on the steel plate was approximately 20

grams, based on gamma survey techniques. Radiochem-

ical analysis of five steel plugs resulted in revision of this

estimate to 50 grams.

It was anticipated that film dosimetry would provide

a more accurate estimate of total deposition based on the

correlation of film density with plutonium deposition in

micrograms per unit area. Therefore, film packets were

placed, exposed, measured, and recorded. In all, 17,600

separate densitv readings were recorded with densities rang-

ing from 0.00 to 1.89. Small igloo dc-ris samples were

placed on similar film in order to provide film densities which

would relate to,-g/cm 2 . These small pieces contained as

much as 1,000 ig/cm2 , and yet the maximum film density

from exposures equivalent to that of the DT plate was approxi-

mately 0.50, which is a factor of 4 low for reasonable

correlation. Therefore, these film data did not supply the

information desired and are not reported.
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Another approach to estimate the amount of original

deposition can be utilized. Study of Roller Coaster data

concerning the immediate GZ area (steel plate and concrete

pad) together with PG-i measurements after excavation,

gamma scanner data before and after decontamination meas-

ures, and radiochemistry of the decontamination debris

led to the following line of rea~o:ing:

1. On D-day (DT), neither the steel plate nor the

concrete pad could be measured with available

instrumentation.

2. On D-A4, the concrete pad and adjacent area could

be measured with the PG-i (Figure 7.13). The

steel plate could not be measured.

3. On D+8, the steel plate and concrete pad were

measured with the PG-1. The minimum reading

on the steel plate was 500 K in the SE corner.

The maximum readinr with the PG-i was 2,000 K.

Since the PG-i was off scale at this point ( 2,000K) at

D+4 and read 500 K at D+8, there must be a

factor of 4 reductiu from D+4 to D+8. (Figure 7.13).

4. PG-i readings after burial and excavat.on of the
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plate were reduced by a factor of 2 (Figure 7.14)

resulting in total degradation by a factor of 8.

5. The decontamination exercise on 100 in2 of the

plate removed 56% of the deposited plutonium.

This was determined by gamma scan survey

(Am 2 4 1 only) before and after decontamirAtion

(Figure 7.12). Radiochemistry of debris ex-

cluding paint brushes, wire brushes, and scrub-

bing brushes determined that 136 mg Pu were

contatned therein. Adding 4 mg as an estimated

Pu content of paint brushes then 140 mg were

removed. This is 56% of the total which is 250

nag/100 in2 . However, the area decontaminated

is not truly representative of the entire plate,

being above average (as determined by gamma scan)

so the total was reduced by a factor of 2 or to

125 rg/100 in 2 , equal to 1.25 mg/in2 . Thus, for th,

entire plate, 1.25 mgx 9216 in 2 = 11,520 mng = 11.52 g indicated.

6. Accounting for a total of 11.52 grams remaining

on the steel plate and accepting i iactor of 8

degradation as justified in si,'vararaphs 1 through 4
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above, then a minimum of 92.16 grams were

originally deposited on the plate.

7. This is a very cor-ervative estimate, since

no degredation factor is included for the time

period from D-day to D+4. This factor is esti-

mated as a minimum of 2 to a maximum of 6.

Accepting a factor of 2 due to initial weather-

ing, the amount originally deposited on the plate

would be 184.3 grams.

7.6.2 Igloo Scavenging. It is much more difficult to

make a reasonable estimate of the igloo scavenging effect than

to estimate scavenging by the DT steel plate. The steel plate

was recovered completely, and its orientation is known with

certainty

The r2verse is true of igloo debris. Good conver-

sion vid cori 3lation data exist, but only a certa n percent

of the tc l igloo area from unknown locations is available,

and it would not seem reasonable to attempt to reassemble

die entire Igloo from each event. Even though more than
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16% of the tDtal igloo area was recovered and measured, there

is no assurance that this is a representative _,ample of the whole.

Too, only one device contained plutonium and its location in the

center of the igloo resulted in a variance in distance from the

point of detonation to the points of contact. The igloo door, which

was about 18 1/2 feet from the plutonium bearing device in CS III,

had relatively low levels of contamination. Other pieces of corru-

gated iron which must have been closer to the detonation had

extremely high levels. Pieces of corrugated iron identified by

the half-circle cutout as being from the vent area of the CS II

and CS III were also relatively low in contamination. The pluto-

nium bearing device in DT was only about 18 inches from a metal

surface,while in CS II anid CS III, the minimum distance to a

metal surface was 6 feet. Thus, it is assumed that the scaveng-

ing effect of the metal is somewhat dependent on the proximity

of the surface as well as other factors such as temperatures,

pressures, ,id chemical and physical state, etc. This assumnp-

tion suggests that only a portion (or band) of the lgloc was

sobject'd to maximum scavenging effectiveness.

With these factors in mind, as well as the unknowns

associa-ted with the treatment of the debris, weathering,

scouring action, and others, and using the data in Tables
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7.1 and 7.2, the following estimates are made of igloo scav-

enging effects. These estimates are based on the two sim-

plest approaches and are believed to be very conservative.
h

The reader may apply more sophisticated treatment if so

desired, since all data is contained in Tables 7.1 and 7.2o

CS 11 - Method I - total area x average deposition

This method assumes that a representative sample

was obtained. Thus, with a liner area of 70,573 in2 and the

average deposition - 27.5 pg/in', total deposition was

1,940,757.5 pg or 1,94 grams.

- Method 11

rhis method assumes that a representative sample

was not obtained, but that the debris recovered contained

a representative sample. Therefore, approximately equal

areas of high, medium, and low deposition levels were

selected and averaged, to obtain an average,,,g/in2 factor.

Area (in 2 ) ,g/in 2  Average

High 252 287 172.2
3o 68.5

Medium 390 47 44.1
368 41.2

Low 143 4.0 4.3
506 5.5
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Average deposition level - 73.5,.ig/in2

70,573 in 2 x 73.5,,g/in2 = 5,187,115.5,tig - 5.2 grams

Summary: One piece of debris, out of 22, measured

h 287 -,g/in2 . The next highest level was 68.5 Lg/in2 . It is

reasonable to expect that other pieces should be in the 200 to

300/*g/in2 , and therefore, the entire sample is not repre-

sentative. It is believed that an estimate of 5.2 grams

has a gr-ater degree of confidence than 1.9 grams.

CS II - Method I

Igloo area - 92,288 in 2

Average deposition - 160/,g/in2

Total deposition - 14,766,080,,,g 14.77 grams

- Method II

Area (in2 ) .'g/1n2  Average

High 450 636 509.5
576 383

Medium 320 146 139.5
391 133

Low 435 2.1 3.7
1800 5.3

Average deposition level - 219,,g/ini

92,288 x 219 - 20,211,072,i g= 20.21 grams

Summary: The total dehris from CS III appears to be

closer to a representative sample but it is believed that
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an estimate of 20.21 grams has greatest confidence.

Both cases are only extrapolations of data points as

to what remains on the collected igloo debris at the time

of measurement. A valid method of estimating original

deposition is not known.

7.6.3 Met alloraohic Studies. Metallurgical examina-

tions have been made on both the DT plate deposition and the

igloo metal debris, but results to date have been mainly in

terms of microphotographs of sections and some speculation

as to the methods of deposition.

The Double Tracks plate plugs were sectioned by CMF

Division, Los Alamos Scientific Laboratory (LASL). Metall-

ographic examinations performed at LASL on these sections

were reported (Reference 4) to indicate that the plutonium

oxides were probably deposited by three methods.

I. The attachment of a slag-like compound, probably

plntcnium oxides, on the surface of the steel

which is loosely bound.

2. The entrapment of debris, probably oxides and

molten metal)in crevices and indentations caus-

ed by fragmentation damage to the surface of

the plate,
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3. There appeared to be a vapor deposit of a very

thin layer of metal on the surface of the plate.

All three methods resulted in depo'itioa _t. th;i too 5 mils

of the surface of the plate, except where surface damage

by fragmentation had penetrated deeper.

The metal igloo debris was examined in a like manner,

but unfortunately, none of the sections cut through a definite

layer of plutonium contaminatec' rnetal. Electron and X-ray

diffraction studies are in progress at the Thow Chemical Company,

Rocky Flats Plant, Colorado,

A point worthy of note was observed during igloo met-

al studies. It was foutd that the galvanized layer on the cor-

rugated iron was not tightly attached, and some.times, the

entire layer of galvanization was removed by blast spalling

or some other undetermined method and was in fact removed

from both sides c! the metal. A further examination of the

metal at NTS indicated that the plutonium fixed to the L-re

iron surface was more tightly bound to the iron than if de-

posited on a galvanized surface. Complete evaluation of

this phenomena would require additional studies.

Figure 7.15 is a microphotograph of a section of a

DT steel plate plug, showing the loose slag-like oxide.
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Figure 7.16 is a microphotograph of a different section,

showing the oxides trapped in a slight dent. These two

photos were provided by LASL (Reference 4).
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Figure 7.2. Igloo debris as recovered at Tonopah
Test Range. (1)ASA-175-5,r-TTII-63)
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Figure 7.5 PG-I gammia cpm versus og N'I by radlochemistry.
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PG-I - RADIOCHEMISTRY CORRELATION

In order to evaluate the igloo debris from CSII and
CSIII, it was necessary to establish conversion factors
to convert PG-i cpm readings to ug. The inherent design
of the PG-i produces a slight non-linearity in readings,
and therefore samples of varying degrc z of contamination
were obtained, readings recorded, and radiochemistry for

total plutonium carried out. The results were plotted
on a graph, and the following tabl 3repared for rapid
conversion of PG-I cpm to ug of Pub.

PG-1/PAC-lS g 2 3 9  PG-1/PAC-lS ug2 3 9  PG-l/PAC-lS g2 3 9
cpm (K) Pu cpni (K) Pu

10 6 500 270 1300 1250
20 7 525 285 1325 1290
30 10 550 300 1350 1330
40 12 575 330 1375 1370
50 15 600 350 1400 1425
60 18 625 370 1425 1465
70 20 650 400 1450 1500
80 23 675 430 1475 1550
90 26 700 450 1500 1600
1 0 28 725 470 1525 1650
110 31 750 500 1550 1700
1.20 34 775 530 1575 1760
1.25 35 80 560 1600 1820
130 37 825 580 1625 1880
140 40 850 610 1650 1930
150 42 875 640 1675 1990
160 45 900 670 170G 2050
170 47 925 700 1/25 2110
180 50 950 730 1750 2180
190 52 975 740 1775 2250
200 55 1000 800 1800 2330
225 80 1025 835 1825 2400
250 105 1050 870 1850 2480
275 .25 1075 910 1875 2550
300 140 1100 940 190 2640
325 150 1125 9'5 1925 2730
350 170 1150 1015 1950 2820
375 180 1175 1050 1975 2910
400 200 1200 1090 2000 3000
425 215 1225 1130
450 230 1250 1170 greater than
475 250 1275 1215 2000K - 5000Pq(everage of 2 off

scal, numbers)

Figure 7.6 PG-1 gamma cpm versus $g Pu230 conversin table.
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Figure 7.9 Radioinutograph of DTr steol plate.
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Figure 7. 11 Radioautogmaph of CS HII igloo debris
showing corrupation shadow effect.
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ALL READINGS X 1000 NET.
ONLY AM-241 MEASUREMENTS RECORDED.
NUMBER IN ( ) AFTER DECON.

NORTH EDGE OF
OT PLATE

2.4 2.5 2.S 2.5 2.6 2.6 2.5 17 1.3 1.3
94 o a 0 0 o a 0 0 0 a

(2.,) (2.) (1.9) (1.J) (.7) (.1) (.6) (.6) 0.2) (1.1)

2.2 3 2,6 3 2.3 2.4 2.1 '4 1.5  '1
92 0 0 0 0 0 0 0 0 a a

(2.6) (3.3) (1.3) (.1) (.T) (.6) .55 (.6) (1.3) (1. )

13 1.0 11 %6 2.3 2.5 2._2 1 I5 I.5 163
(1-7) (2.5) (1-5) (1.$ 3 ) (.9) (J7) (,S) (.0) (1.5)

1.5 1.3 ,!2 2.5 3 l3 3j 1.7 l3
2 -)-1 (1.4) (10t) (101) (1.2) (1-1) (.9)) (l.8) (1.6)

14 2.t , 3 3.3 4 25 2A5
S 0 % -- a .-- - o 0

(4.3) (Q.4) (2) (t.9) ;46) (4.2) (4.0) (26) (3.3) (.6)

10 x 10" AREA FOR ODECON.

Figure 7. 12 Comparison of XYT steel plate section before and after decontamination.
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275 450 625 625 500 4Y5 375 2T5
''5) (250) (350) (325) (400) (250) (200) 025)

5it 950 1275 1500 1500 1300 1050 625
(300) (600) (750) (950) (950) (700) (625) (315)

650 1300 1600 1000

(5) (8;5) (1350) (1650)(PEGED) (1500) (1100) (650)

900 1300 010 T
0 0 0 8,x i 0 0 0

(750) (1000) ( 14 50)STEEL PLATE' 3 O0) (650) (500)
700 1200 D+4 OFF SCALE 775 550

* 0 0
(650) (850) (1250) (90) (35) (40)

475 900 500 460
* 0 0 0 0 0

(275) (700)1(1000) (1100) (9) (300) (40) (20)

276 500 675 975 700 425 300 325
(M00) (400) (650) (700) (550) (490 (1S0) (150)
i20 275 400 425 350 I0O 115 I75

(75) (100) (200) (150) (100) (100) (100) (100)

CONCRETE PAD 20'X 20'

NET PG-I cpm (K) D+4
* (D+8)

,i6ure 7.13 Gamma measurements of DT steel tlate and concrete pad.
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1350 1650 PEGGED 1500

(O)(900) (1650) (650)

1450 1300

(0) (10*00)

DOUBLE TRACKS
STEEL PLATE

1250 900
*0

(G65) (650)

1000 1,00 900 600
(550) (860) (4501 (400)

PG-I / PAC- IS
D+8 NET CPM X 1000

(AFTER BURIAL)X IO00

MEASUREMENTS TAKEN
Ift. FROM OUTER EDGE
AT 2ft. INTERVALS,3f".
ABOVE SURFACE.

Figure 7. 14 Gammra measurements of DT steel plate before and after burial.
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CHAPTER 8

CORRELATION, ACCOUNTABILITY AND DISCUSSION

This chapter is a final resume' and summary of the

results and data obtained by Project 2.1, as well as interre-

lated work by Project 2.5, Project 2.3, the Follow-on work,

and other sources. As such, details are purposely omitted,

and pertinent information is presented as it relates to each

event.

8.1 DOUBLE TRACKS

It was anticipated that Project 2.1 participation in the

Double Tracks event would be minimal, consisting mainly

of support activities to Project 2.5 in the overall alpha sur-

vey. In addition, vehicle-mounted gamma scan and portable

gamma survey data were collected in the close-in grid area.

The discovery of very high levels of plutonium on the steel

plate led to more intensive investigation in the GZ area by

all available techniques, and additional measurements were

made through the comblited resources of Project 2.1 and

2.5. Subsequently, the importance cf the scavenging effects

of the steel plate was recognized, leading to the Follow-

on work.
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Alpha survey measurements were made with the PAC-3G

as described in Reference 3, and the entire grid survey

was completed on D-day. Since an acceptable factor for cou-

verting PAC-3G readings to ._ g equivalents has not been es-

tablished, it is therefore necessary f"- outline these data as

contours based on cpm/60 cm 2 probe area with the PAC-3G.

This applies to all alpha surveys for DT, CS I, IIH, and MI.

Figure 6.1 is a contour plot of the A, B, and

C grids of the Double Tracks event.

Vehicle-mounted gamma scanner activities initially

consisted of defining the hot line peak values and the de-

tectable limits on either side. This was a qualitative exer-

cise) since no quantitative requirements were anticipated or

programmed. Figure 6.5 is an outline of the

areas defined. An attempt was made to evaluate the steel

plate at GZ, but the extremely high levels exceeded the de-

tection equipment capability.

Considerable data was obtained from an area of 100-

foot radius to ground zero with portable gamma survey equip-

ment (PG-I/PAC-ISA). This data is shown in Figure 6.9

and was taken on D+4 and D+. A correlative
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ratio of 60:1 for PAC-3G to PG-I was determined by Project

2,5 (Reference 3).

The concrete pad on Double Tracks was cored on D+l

in locations as shown in Figure 5.2, Analysis of

the samples by radiochemistry and extrapolation to the total

area of the concrete pad gave an estimate of less than

1 gram of plutonium scavenged by the concrete, Data on

which this estimate is based is contained in Table 5.L

The Follow-on work described in Chapter 7 estimates that a

minimum of q2 grams of plutonium was deposited on the steel

plate alone. It is believed that this figure is conservative.

8.2 CLEAN SLATE I

Comments pertaining to the A, B, and C grid alpha

and gamma surveys of Double Tracks apply as well to CS I.

The contour plots In Figures 6.2 and 6.6 show

the deposition patterns as determined by these methods.

Experiencp on Double Tracks prompted a more intensive

GZ nves'igation than was originally anticipated. The v,,-

hicle-mounted gamma scanner went into this area on ',+I
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and measure,-ents were made over each corner of the CSI con-

crete pad. These are shown in Figure 6.10, As

well, PG-1/PAC-lSA su:, -eys of the concrete pad on D+1

and D+7 resulted in the data shown on the same illustration.

It is interesting to note that the levels associated with the CS I

concrete pad are far below th:.-se found on DT. This might

be attributed to the possible querching effect of the steel plate,

which collected and held a large proportion of the plutonium,

as well as indicating that concrete does not scavene as well

as metal. The additional high explosive involved probably

caused more widespread distribution.

The concrete pad was cored in locations shown in Fig-

ure 5.3 on D+2. Radiochemical analysis of these samples

and extrapolation to the area of the pad indlcated again that

less than 1 gram was associated with the concrete pad.

Metal debris samples from device stands were collected

and measured by gamma detection techniques. The average

deposition was about 245,4,g/in 2 and extrapolated to the total

area of the stands, accounted for 2,8 gramq of plutonium

(Appendix C).
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8°3 CLEAN SLATE II

The Clean Slate II event provided the first opportunity

for full participation of Project 20 1. Alpha and gamma sur-

vey continued on D-Day, much the same as on Double Tracks

and CS I. The A grid was eliminated on these events, since

the igloo bunker occupied a large portion of this area, rie7king

concrete pad placement impractical. The results of alpha

survey were plotted as areas encompassed by various

cpm/60 cm 2 contours and are shown in Figure 6.3.

The vehicle-mounted gamma scan plot was expressed

in hot line determination and detectable limits as shown in

Figure 6.7,

As well as the initial gamma scan survey, the vehicle-

mounted gamma scanner made concentric surveys around the

bunker area from a radius of 55 to 100 feet on D+4. Using

correlation techniques established by Project 2o5,

(Reference 3), thi! data was reduced to..:,g/m 2 . It is esti-

mated that 20.3 grams of plutonium were deposited in the do-

nut shaped area. Figure 6.11 is a data sheet

for this exercise, showing both net Pu2 3 9 and AM2 4 1 re: d-
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ings that were taken. It is pointed out that the Am 2 4 1 data was

used to estimate total plutonium in the area, since it is less

degraded by soil cover than the Pu2 3 9 o

The earth mining procedure described in Ciapter 2 was

carried out, aad approximately 203 yd3 of soil was assayed.

It is believed that tne so'l assayed contained at least 95O of

'he plutoanium associated with the bunker soil. By this tech-

nique 23.8 grams of plutonium v'ere accounted for.

Earth coring, while not quantitative, did provide valua-

ble data in support of the mining exercise. The initial data

from soil cores indicated that the maximum depth of burial

was about 4 inches with a few exceptions where it is believed

that sliding earth, after the fallout, deposition, may have re-

sulted in deeper burial. Data is contained in Chapter 3.

Concrete coring was accomplished on D+I aad location

and data pertaining to these samples are presented in Figure

5.3 and Table 5.1. Metal debris, originally

thought to be from the igloo but actually aluminum from de-

vice stands, was evaluated both by gamma techniques in the

field and radlochemistry in the laboratory. Extrapolation

of average values to the total area of the stands indicates
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15.7 grams of plutonium was associated with aluminurn device

stands (Appendix C).

Data from the Follow-or task, described in Chapter 7,

indicate that a reasonable estimate of plutonium fixed to de-

bris of the CS II igloo after excavation was approximately

5 grams. It is believed that this estimate is very conserv-

ative, based cn gene-ial observations and conclusions which

cannot be supported by experimental data.

8.4 CLEAN SLATE TfI

Alpha survey and gamma scan exercises on D-day

were very similar to CS 11, with the A grid again eliminated.

The results of alpha survey are shown In Figure 6.4,

expressed in PAC-3G cpm/60 cm 2 probe area. Ve-

hiele-moanted garma scan data were expressed as hot line

and detectable limits and are shown as a contour plot J1,

Figure 6.8.

The earth mining procedure used on CS 11 was repeated on

on CS III, assaying 380 yd 3 of bunker soil and aicco-ting for

24,3 gr.ms of plutonium by belt gamma scanner techniques.

Earth coring data confirmed depth distribution measure-

wuxnts made on CS I, with dat contained bi Chapter 3.
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Concrete coring was accomplished on D+1 and location

and data pertaining to these samples is presented in Figure

5.5 and Table 5 o1.

Metal debris, again aluminum, when extrapolated to the

total stand area contained 1701 grams of plutonium (Appendix C).

Data from the Follow-on work for the CS Ill igloo de-

bris indicates approximately 2102 grams associated with this

debris. Again this is believed to be a very conservative esti-

mate when compared to probable or Iginal deposition levels.

It is bellevd that data obtained from CS III debris has more

confidence than that obtained from CS I,
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CHAPTER 9

CONCLUSIONS

Because contaminant deposition patterns in the imme-

diate vicinity of non-nu-lear detonations of Pu-bearing weap-

ons are highly irregular, rather unorthodox detection tech-

niques are required. Alpha monitoring is of no real value

beyond establishing the fact that dispersal of the contaminant

has or has not occurred. Between this determination and the

requirements of final area cleanup, low-energy gamma de-

tection techniques are more applicable. Actually, complete

reliance on alpha measurements will lead to erroneous con-

clusions in highly contaminated areas. It is to be empha-

sized that all such measurements should bo precL, ded by a

special gamma survey to determine the presence or absence

of a fission product radiation field of penetrating energies.

Project 2.1 was concerned primarily with evaluating

the scavenging effect of the different debris material scat-

tered by Roller Coaster detonations. Both aluminun

and galvanized iron sections were found to be higly contam-

inated. Concrete was not an effective scavenge r indicating
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storage facilities should avoid this material as a structural

component. The igloos used in Roller Coaster do not

optimize the parameters of material and design. Neither

do operational results provide a singular route to the best

answer. Various laboratory experiments can be devised to

provide an insight into the best solution. No significant im-

provement in local Pu scavenging was observed with eight feet of

earth overburden when compared to two feet of overburden.

Considering the summation of all debris accountability, a

surprisingly low percentage (less than 20%) of the plutonium

was found in the immediate vicinity of GZ.

The capability of collecting and assaying contaminated

debris has been greatly enhanced by the special bistrumenta-

tion built for and evaluated during Roller Coaster . A vehicle-

mounted gamma scanner is very useful for rapid fallout de-

lineation anid to supplement other equipment on special studies.

The U. S. Army Chemical Corps Mask, Model M-17,

was found to provide satisfactory respiratory protection for

project personnel without the usual problem of personal dis-

comfort. Its speech transmission characteristics were tested

severely by Roller Coaster requirements without any

serious defects observed.
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APPENDIX A

Appendix A is a compilation of soil core

scanning data obtained after return from

the Roller Coaster site. Core scanning

was repeated at the Eberline Instrument

Corporation plant in Santa Fe, New Mexico,

since some questions had been raised con-

cerning the validity of a few points in

the field.
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SOIL CORE EVALUATION DATA

CLEAN SLATE II EVENT DATE

CORE NO. 1

CORE LENGTH (INCHES) 30

BACKGROUND (cpm) 103 Am24 1  127 Pu2 3 9

REMARKS:

QUADRANT DISTANCE FROM NET Am24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 66 62

2 1/2 62 81

3 1/2 52 51

4 1/2 37 25

1 3 55 39

2 3 . 63 45

3 3 73 59

4 3 57 __
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SOIL CORE EVALUATION DATA

CLEAN SLATE ii EVENT DATE

CORE NO. 2

CORE LENGTH (INCHES)

BACKGROUND (cpm) 122 Am 2 4 1  167 Pu239

REMARKS:

QUADRANT DISTANCE FROM NET Am 2 4 1  NET Pu239

TOP(INCHES) COUNT COUNT

1 1/2 133 149

2 1/2 141 155

3 1/2 149 190

4 1/2 124 174

1 2 1/2 160 196

2 2 1/2 197 341

3 2 1/2 226 342

4 2 1/2 252 310

1 4 1/2 103 67

2 108 78

3 4 1/2 102 ..

4 4 1/2 95 __
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SOIL CORE EVALUATION DATA

CLEAN SLATE II EVENT DATE

CORE NO. 3

CORE LENGTH (INCHES)

BACKGROUND (cpm) 103 Am24 1  127 Pu23 9

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1 NET Pu 23 9

TOP(INCHES) COUNT COUNT

1 1/2 84 112

2 1/2 54 29

3 1/2 50 30

4 1/2 71 _ __

1 3 75 117

2 3 65 82

33 62 32

4 3 70 63

51/2 40 J 24

2 5 i/2 48 34

3 r.

______3 ____ 5, 1 / 2 60 48

5 1/Z 63_____ 413
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SOIL CORE EVALUATION DATA

CLEAN SLATE II EVENT DATE

CORE NO. 7

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) C5 Am 24 1  1!. Pu23 9

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 1076 815

2 1 /2 1416 2195

3 .... 1/2 ...... 13 n 1222

4 1/2 1117 809

1 2 1/2 248 156

2 2 1/2 3") 544

S1 /111 2___ 211

4 2 1/2 1og 107

1 122 I3

S4 A/2 In7 'Al

4 1/2 f71
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SOIL CORE EVALUATION DATA

CEAN SLATE TI EVENT 'DATE

CORE NO. 8 or 18

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 105 Am2 4 1  159 pu0:39

RE?,KS:

QUADRANT DISTANCE FROM NET Am2 4 1  NET Pu239

TOP(INCHES) COUNT COUNT

1 1/2 65 74

2 1/2 89 q8

3 1/2 . .. . 72 .. 131

4 1/2 89 141

____ ___... ... .
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SOIL CORE EVALUATION DATA

CLEAN SLATE II EVENT DATE

CORE NO. 9

CORE LENGTH (INCHES) 30

BACKGROUND (cpm) 105 Am24 1  159 Pu239

_ REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 37 72

2-112 31 48

3 12 41 75

1/2 2o ... l

1 2 1/2 41) . ,

z 2 2 1/2 368 37A

2 h/ . . . 370

1 I 41n 443

4 1/2 2r3 lq5

3 4 112 .. .. 25. , 1.

4 4 1/2 253 . ... 2n,l

1L
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SOIL CORE EVALUATION DATA

CLEAN SLATE I, EVENT DATE

CORE NO. 9

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 103 Am24 1  226 Pu239

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu23 9

-- TOP(INCHES) COUNT COUNT

1 1/2 1285 773

2 1/2 1841 758

3 1/2 1400 713

4 1/2 1562 ., 1152 ,,,

1 2 1/2 368 217

2 2 1/2 380 129

3 2 1/2 300 91

4 2 1/2 228

1 4 1/2 i01 83

2 4 1 10

3 I ,6 2

4 1/2 11_o____ 48
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SOIL CORZ EVALUATION DATA

CLEAN3 SLATE TI EVENT DATE

CORE NO. 10

CORE LENGTH (INCHES) 48

BACKGROUND (cpm) 12 3 Am 24 1  158 Pu2 39

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu2 9

TOP(INCHES) COUNT COUNT

1 1/2 1576 Rn

2 1/2 1977 QrR

3 1/7 1503 509

4 1/2 1452 735

1 1 1/2 897 561

_ . _2 i/' 4,11 312

2 1/2 552 421

4 2 1. 514 386

1 4 1/2 98 305

2 A 1/2 106 150

4 4 1/2 114 130
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SOIL CORE EVALUATION DATA

CLEAN SLATE IT EVENT DATE

CORE NO. 5

CORE LENGTH (INCHES) 36

DACKGROUND (cpm) i15 Am24 1  131 Pu239

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu239

TOP(INCHES) COUNT COUNT

1 1/2 638 715

2 1/2 6 1070

3 1/2 1004 1442

4 la 7-15 7I1

1 2 1/2 340 _ 3__(

2 2 1/2 117 ... 1 k

2 1i2 CIA!) R

.... _ _2 1/2

. ... 1"2- . .. ... 4 1/2

.. . _ 4. i/2 . ... . ..__ __ __ _ __ __ _

.. .. . ... 4 4 1 /2 ....

171
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SOIL CORE EVALUATION DATA

CLEAN SLATE II EVENT DATE

CORE NO. 11

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 121 Am24 1  149 Pu2 3 9

REMARKS:

QUADRANT DISTANCE FROM NET Am241  NET 232
I IGP(NCHES) COUNT COUNT

1 1/2 31 42

2 1/2 42 54

- 3 1/2 55 6 6Q

4 /2. 34 4H

1 2 1Z2 94 __

-2 1/ 82, 7d

3 2 1/2 .. i In7

4 2 J/2 __- _6 99.

2 4 1/2 .__4___

3 4 1/2 . .. luR ... ._ __ _ _
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SOIL CORE EVALUATION DATA

CLEAN SLA'PE II EVENT DATE

CORE NO. 12

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 122 Am 24 1  164 Pu23 9

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu239

TOP(INCHES) COUNT COUNT

1 2 452 470

2 1/2 422 531

3 1/2 311 403

4_1 Z2 320 10-4

1. 2 1/2 81 52

S2 1/? 8A 1(1

3 2 1/2 76 fig

.... __4___ __ 1 I_ _ _ _I 128 R -

I~ L 47/ 109 go

3 ... .. __.____.. ... _2 _ _

3 4 1/2 1.. ,
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SOIL CORE EVALUATION DATA

CLEAN SLATr IT EVENT DATE

CORE NO. 13

CORE LENGTH (INCHES)

BACKGROUND (cpm) 194 Am 2 4 1  132 pu2 3 9

REMARKS:

QUADRANT DISTANCE FROM NET Am 2 4 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 469, 468

2 1/2 319 352

3 1/2 4n1 385

4 1/2 41n 394

1 2 1/2 48 35

2 2 2 4 47

S3 . 1/2 70 R2

4 2 1/.2 6) 73

1 4 1/2 43 14

2 4 1/2 44 41

3 4 1/2 67 58

4 4 1/2 51 39

174



SOIL CORE EVALUATION DATA

CLEAN SLATE II EVENT DATE

CORE NO. 14

CORE LENGTH (INCHES)

BACKGROUND (cpm) 99 Am 24 1  112 NU 2 39

REMARKS:

QUADRANT DISTANCE FROM NET Am 2 4 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 1337 1107

2 .... 1/2 1347 .. 14

3 1/2 . ,. 1521 133

4 1/2 1361 9 36

1 2 112 338 325

2 2 1/2 286 527

3 2 1 , 304 341

4 2 1/2 ,_ _6 2'1

1 4 1/2 300 -40; 1

4 __51 .421

3 4 1/? 24R 12

4 .1 1/2 2 .70

9 175



SOIL CORE EVALUATION DATA

CLEAN SLATE II EVENT DATE

CORE NO. 15

CORE LENGTH (INCHES) 30

BACKGROUND (cpm) 118 Am 24 1  178 Pu239

REMARKS:

QUADRANT DISTANCE FROM NET Am2 4 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 208 468

2 1/2 248 426

3 1/2 81 3i

4 1/2 269 i, R

1 2 1/2 96

2 2 1/2 g.

3 2 1/2 _ n Ul

4 2 1/1 Ila 184

1 4 1/2 70 21

*1__ _ ,2_ __ __ __ 1/' ' 1

_ _. . .. 4 1/2 7 _ _.

A p i S , 17

178
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SOIL CORE EVALUATION DATA

CLEAN SLATE II EVENT DATE

CORE NO. 16

CORE LENGTH (INCHES)

BACKGROUND (cpm) 97 Am 24 1  137 PU2 3 9

REMARKS:

QUADRANT DISTANCE FROM NET Am24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 4356 5216

2 1/2 4253 4471

3 1/2 4110 4036

4 1/2 6230 1132q

1 2 1/2 1750 1q44

2 2 1/2 1712 2297

3 2 1/2 3208 7703

4 2 1/2 1 2542 7412

1 4 1/2 425 1046

2 4 1/2 265 205

3 4 1/2 1001 ,,156

4 4 1/2 1238 4935

1 6 1/2 lo8 -ns

2 6 1/2 143 143

3 6 1/2 205 617

4 6 1/2 155 217

1 8 1/2 119 2c7

2 8 1/2 94 _ _ _

3 8112 94 lol

4 A 1/2 lfQ 10
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SOIL CORE EVALUATION DATA

CLEAN SLATE II EVENT DATE

CORE NO. 18

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 119 Am2 41 199 pu2 3 9

REMARKS:

QUADRANT DISTANCE FROM NET Am 2 4 1  NET Pu239

TOP(INCHES) COUNT COUNT

1 1/2 261 281

2 1/2 280 243

3 1/2 148 142

4 1/2 20? 13Q

1 2 1/2 97 53.....

2 2 1/2 A 6 127

3 2 1/2 106 10

4 2 1/2 79 s ......

1 4 1/2 _ lot;

2 4 1/2 ,.

3 4 1/Z 106 Inn

4 4 1/2 91 _ __
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SOIL CORE EVALUATION DATA

CLEAN SLATE II EVENT DATE

CORE NO. 19

CORE LENGTH (INCHES)

BACKGROUND (cpm) 125 Am2 4 1  166 Pu23 9

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

_ _ 1 1/2 81 0;7

2 If 2 58 57

3 1/2 97 ,_,_ 8

!4 9,_ _ _ _,6 .0

2 1 94 76

| %, " i ' 8q 94

4 2 1/2 q _ 4 R

i 1 4 1 . _( ... R , ..,

4 1/2 1o 6 ..

II

,4 1 . '2 87 .. .. 1

,, A ,,4 1,/ R .. ) ..

t ~~~~~~~179- ___________
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SOIL CORE EVALUATION DATA

CLEAN SLATE II EVENT DATE

CORE NO. 21

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 118 Am 2 4 1  1-7 Pu 239

REMARKS:

QUADRANT DISTANCE FROM NET Am 2 4 1  NET Pu239

TOP(INCHES) COUNT COUNT

11" C)91 1466_________

2 t2'_ _ _ _ _ _...... 809

3 1/2 622 703

4 1/2 719 840

1 2 1' 2 __ 194

2 1/2 _15 _71

1 a ,on So,

4 2 1/2 185 16i

1 4 1 , -___7_________ _q 1

2 -4 1!2 116 12S

4/ 114 ,. 139

, 4 -4 1/2 -
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SOIL CORE EVALUATION DATA

CLEAN SLATE II EVENT DATE

CORE NO. 23

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 138 Am24 1  16 Pu239

REMARKS:

QUADRANT DISTANCE FROM NET Am24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1_2 2691 1327

2 1/2 lq47 1568

31/ 231)( 18,11

4 1/2 323n 1444

1 2 1/2 2521, 1 727

Z 2 /2577 741

3 2 2 4404; 112_
44 2 1!. 377 120, 2

1 4 1/2 781 837

2 ... ... 4 1/2 644 519

.....3_ 4 1/2 483 39 _

4 4 1!2 , 70? ,,,_ _nl_,.

-,,t ___,,_______ ,_____,, ___
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SOIL CORE EVALUATION DATA

CLEAN SLATE. IT EVENT DATE

CORE NO. 27

CORE LENGTH (INCHES)

BACKGROUND (cpm) 146 Am 24 1  164 Pu2 39

REMARKS:

QUADRANT DISTANCE FROM NET Am 2 4' NET Pu239

TOP(INCHES) COUNT COUNT

1 1/2 4__088 1 222q

2 1/2 720'6 6nq5

3 1/2 12585 12061

4 1' IS?3 65 5

1 2 1 /2 12?(4 5_7_1

2 2 '2 3651 6741

3 2 1./2 4514 8_ _ _

.4 1,2 1 ck2 .. l

4 12258 6 47

3 ,4 1/2 286 .... L664

4 4 1/2 2 n
_____50 .

I82



SOIL CORE EVALUATION DATA

CLEAN SLATE TI EVENT DATE

CORE NO. 29

CORE LENGTH (INCHES) 48

BACKGROUND (cpm) 124 Am' 152 pu

REMARKS:

QUADRANT DISTANCE FROM NET Am 2 41  NET Pu 239

TOP(INCHES) COUNT COUNT

1 1/2 141 106

2 1/2 145 79

3 1/2 10c 94

4 1/2 146 116

1 2 1/2 152 286

2 2 1/2 158 272

3 2 1/2 123 103

4 2 1/2 148 187

1 4 1/2 129 124

2 4 1/2 102 78

3 4 1/2 117 107

4 4 1/2 127 116
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SOIL CORE EVALUATION DATA

CLPAN SLATE II EVENT DATE

CORE NO. 33

CORE LENGTH (INCHES)

BACKGROUND (cpm) 142 Am24 1  178 Pu2 39

k REMARKS:

QUADRANT DISTANC. FROM NET Am 241  NET Pu239

TOP(INCHES) COUNT COUNT

k 1/2 330 66S

2/2 329 559

3 1/2 413 173

4 1/2 470 1081

1 2 1/2 1101 1702

2 2 1/2 2106 1373

_ 2 1/2 2125 1618

4 2 1/2 1946 1617

1 4 112 660 2__

2 4 1/2 1123 1341

3 4 1/2 2043 4123

4 4 1082 1830

1 A 1/ _' A7 1 11

_ __1/2 __ __ _I_

S1/2 177 2q

_A , 14) 379 3 , 9 '

1 8 IZ2 _ an _

2 8 1/2 A'3 I1

3 8 1/2 i_,_ 138 .nli

4 8 1/2 -3 144

184
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SOIL CORE EVALUAl'ION DATA

CLEAN SLATE I1 EVENT DATE

CORE NO. 30

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) q8 Am 2,11  126 PU239

REMARKS:

QUADRANT DISTANCE FROM NET Am 2 4 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 338 317

2 1/2 542 798

3 1/2 1 472 409

4 1/2 531 762

1 2 1/2 120 146

2 2 12 114 106

3 2 1/2 65 70

4 2 1/2 67 54

1, 4 1/2 54 45

2 4 1/2 55 48 ..

3 4 1/2 36 4

4 4 1/2 52 36

185



SOIL CORE EVAL TATION DA"iA

CTr.,N SLATr - r EVENT DATE

CORE NO. .2

CORE LENGTH (INCHES) 36

BACKGROUND (epm) 97 Am24 1  141 PU2 39

REMARKS:

QUADRANT DISTANCE FROM NET Am 241  NET Pu239

TOP(INCHES) COUNT COUNT

1 1/2 13218 6854

2 1/2 13326 5843

3 1/2 11022 4015

4 1/2 14001 5835

2 112 12338 6323

2 2 1/2 16156 10562

3 2 1/2 16873 6944

4 2 1/2 13540 6702

1 2 1/2 612 301 -

2 2 . 2 5 1323

3 ....... 112 240 2171

4 4 I/2 503 241

.1 .1 2. . . ' . 244

7 ..... 1/ 172 415

____, ____/_ -191 460

-____, ,, ___ 1/__._17 227
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SOIL CORE EVALUATION DATA

CTE7AN ELATE II EVENT DATE

CORE NO. 31

CORE LENGTH (INCHES)

BACKGROUND (cpm) ()n Am24 1  142 Pu239

T EMARKS:

QUADRANT DISTANCE FROM NET Am24 1  NET Pu 2 39

TOP(INCHES) COUNT COUNT

1 1/2 2451 1408

2 1/2 1958 1145

3 1/2 2824 1967

4 .1... _/2 .., 2981 21P5

1 2 1/ 1434 1031

2 2 1/2 1258

3 2 1/2 249 2808

4 2 1/2 1768 1354 -

1 4 1 j 135 194

-- . ... 1/2 215 ]14

. 4 1/2 156 189

- 4 4 112 1 371

(4



SOIL CORE EVALUATION DATA

CLEAN SLATE IT EVENT DATE

LORE NO. 32

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 98 Am2 4 1  140 Pu23 9

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 452 128

2 1/2 427 104

3 1/2 532 228

4 1/2 4q7 225

1 2 1/2 173 31

2 2 1/2 348 199

3 2 1/2 365 244

~ 4 2 1/2 217 65 I

1 4 1/2 16 0

2 4 1 /2 42 7R

3 4 1/2 30 1;

188
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SOIL CORE EVALUATION DATA

rLCLEAN SA PE II EVENT DATE

CORE NO. 34

CORE LENGTH (INCHES)

BACKGROUND (cpm) 73 Am 24 1  95 Pu239

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu239

TOP(INCHES) COUNT COUNT

1 1/2 359 132

2 1/2 453 372

3 1/2 1023 1988

4 1/2 579 306

1 2 1/2 1067f 2780

2 2 1/2 14851) 3931

3 2 1/2 27707 11169

4 2 1/2 10360 3097

1 4 1/2 7197 2667

4 1/2 9477 5315

4 1/2 18310 4524

A 4 1/2 6367 2350

,6 1/2 51)4 _677

___6_ 1/2 849 1481

- 6 1/2 724 121 .

4 ,6 1/2 ,,g49 , 'A

8 1/2 198 607

8 1/2 198 SiO,

3 8 1/2 161 44R

, _ _.... 4 8 1/2 117 1R7
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SOIL CORE EVALUATION DATA

CLEAN SLATE II EVENT DATE

CORE NO. 36

CORE LENGTH (INCHES) 3

BACKGROUND (cpm) 85 Am24 1  119 Pu239

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 54 245

2 1/2 . 11 50

3 1/2 558 286

4 1/2 611, 3n9

1 2 1/2 188 1249

3 2 1/2 1_ P ,C)

4 2 1/2 2__ __41 1260

1, 4 1/2 11i 229

2 4 1/7 121 1 RA

3 4 1/2 262 214

4 1/2 311 639
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SOIL CORE EVALUATION DATA

CLEAN SLATE II EVENT DATE

,,ORE NO. 38

CORE LENGTH (INCHES)

BACKGROUND (cpm) 96 Am 2 4 1  124 1N 2 3 9

REMARKS:

QUADRANT DISTANCE FROly NET Am 2 4 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

.1 1 _/2 1703 1540

2 1/2 751- 100

3- 1-2 E[4$ 8 7

4 1/2__ S 23R 27___r_

*1 2 1/2 452 _____________

2 2 1/2 21t 2M)

3-2 1 '2 _________ 42A

4 I1/ . 4 , I innI

1 , 4 1/2 74 g s

2 . I12 7R l- 7

3 4 1 2 88 166

44 1/: 103 235

A j, ____,_, 63 76

. , 1 .2 .... so ,
------ 1 /7 7 107

74
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SOIL CORE EVALUATION DATA

CLF7AN SLATE IT EVENT DATE

CORE NO. 39

CORE LENGTH (INCHES) 30

BACKGROUND (cpm) 98 Am 24 1  117 Pu2 39

REMARKS:

QUADRANT DISTANCE FROM NET Am24 1  NET Pu2 3 9

TOP(INCHES) COUNT COUNT

1 1/2 1352 1295

2 1/2 142n 1787

3 1/2 938 836

4 1/2 1120 686

1/2 82 93

2 2 1/ 128 252

3 2 1/2 ql 96

4 2 IY2 62 65

1 4 1/2 91 69

_ _ _.... A i 4! 107 102

, _ _4 1/2 87 146

4 . , 4 1/2 84 80
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SOIL C)R EVALUATION DATA

CLEAN Sl-'TE TI "VENT DATE

CORE NO. 41

CORE LENGTH (INCHES) 30

BACKGROUND (cpm) 101) Am 2 4  142 -- 3u

REMARKS:

QUADRANT DISTANCE FROM NET Am 241  NET Nu23 9

TOP(INCIIES) COUNT COUNT

1___________ 1/2_____ 1133 6E54

4__________ 112 1227 R97__________

1 2 1A~ 12I s736 6

2 2 1'12 3768 7829

3 2 1/2 4252 _____

4 2 12 2676__ 397

1 ____4 1Z2 6 8S r16Oia

2 4 /2 44.1Ri

4 4 1/2 Sil-__ 17GIV 1  4 _ __17

2 6 1,{'9

4 6 li 2-19



SOIL CORE EVALUATION DATA

CLEAN SLATE IT EVENT DATE

CORE NO. 42

COhE LENGTH (INCHES)

BACKGROUND (cpm) 104 Am 2 4 1  142 Pu2 39

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 32'8 3252

2 1/2 3; 6 ,87,)

3 1/2 2q39 4098

4 1/2 2711 348,)

1 2 1/2 319 P .. 3386

2 2 1/2 25)1 2131

3 2,, -,'2 193P 24,5

4 2 1'2 29S7 3251S

1 4 1/2 502 6R

2 4 1/2 471 1023

3 4 1/2 46 5 10f 

4 4 1/2 388 736

1 6 1/215a. 20fl

- 2 .6 1,2 15') 240

3 6 112 130 226

194
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SOIL CORE EVALUATION DATA

CTrAN ST,7\TF Il EVENT DATE

CORE NO. 43

CORE LENGTH (INCHES) 30

BACKGROUND (cpm) 128 Am2 4 1  Pu239

REMARKS:

QUADRANT DISTANCE FROM NET Am24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

2 1/2 1116 A7

3 Invi ._ _ _1

4 ,, 1____ 121__ _ __ _ _ __ _ _ _ __ _ _ __ __5_ _

. .. .. __ ____,___, __.__218

- -_____ 14 1 ,.

' - _/:______ i7e

i1 I5

195
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SOIL CORE EVALUATION DATA

CLt.AN SL-,'T~r It EVENT DATE

CORE NO. 44

CORE LENGTH (INCHES)

BACKGROUND (cpm) 131 Am 2 4 1 1i82 PU23 9

REMARKS:

QUADRANT DISTANCE FROM NET Am2 4 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 2 il qq]7

2 I/1 17333 6478

3 1'2 ';6r) 4

• 1.2 -114 R 8377

1 _2 P2. 77r, , 7S'l .

2 112 7 6-112,11,

'i.... I/"'8' 472')

I ___ 2 1 " 7 1'1.

4 1;~2 34 1___ GR
"I 2| I _ "__,I1

4 1 4 f, -, , I A

SI- ____17__

-- % 5 1'2 1 11'j.
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SOIL CORE EVALUATION DATA

CTN SLATE TT EVENT DATE

CORE NO0 45

CORE LENGTH (INCHES) 48

BACKGROUND (cpm) 123 Am 2 4 1  171 Pu2 39

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu239

TOP(INCHES) COUNT COUNT

1 1/2 3924 4912

2 ..1/2 7405 7029

3, 1/2 9236 8450

4 1/2 4679 296n

1 2 1/2 339 264

2 2 1/2 437 AAA

3 2 1/2 ,_4.27 qI

4 2 9 615

1 4 1/2 134 142

2 4 1/ 92 219

3 4 1/2 112 224

4 1.. 4/21C.. 99

197



SOIL CORE EVALUATION DATA

CLEAN SLATE IT EVENT DATE

CORE NO. 46

CORE LENGTH (INCHES)

BACKGROUND (cpri) 137 Am 24 1  176 Pu239

REMARKS:

QUADRANT DISTANCE FROM NET Am 2 4 ' NET 131 2 3 9

TOP(INCHES) COUNT COUNT

1 1/2 3738 5523

2 1/2 2506 2311

3 1/2 2142 2248

4 1/2 3266 5236

1 2 1/2 2575 8286

2 2 1/2 i 2319

,,3 2 1/2 517 378

4 __ 1/2_ 1213 2444

1 4 1/2 172 372

2 4 1/2 276 505

3 4 1/2 159 512

4 4 i/2 140 129

1 6 1/2 78 142

62 '1 /2 ]12 2_ __1

3 61/2 72 98 

A 6 I/2 1 1, A"

I



SOIL CORE EVALUATION DATA

CLFAN S,ATE' TI EVENT DATE

CORE NO. 1

CORE LENGTH (INCHES)

BACKGROUND (cpm) 131 Am24 1  195 Pu239

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET PI239

TOP(INCHES) COUNT COUNT

1./2 627 317

1/2 750 323

"___ __ _1/2 851 364

A 1/2 896 560

1 2 1/2 2620 1316

2 2 1/2 2727 1385

3 2 1/2 2349 1102

4 2 1/2 iq)5 735

1 4 1/2 216 ln2

2 4 1/2 147 127

3 A 1/2 1_ _ _ C 1?

4 4 1/2 -P7 128

1 6 1/2 _r 20

6 1/2 . 00 Ali_52

io 5

! 199



SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO. 1-A

CORE LENGTH (INCHES)

BACKGROUND (cpm) lo Am24 1  150 Pu239

REMARKS:

QUADRANT DISTANCE FROM NET Am24 1  NET Pu2 39

TOP(INCHES) COUNT COUNT

1 1/2 470 540

2 12 37) 244

3 1/2 630 _ _ 490

4 1/2 617 ... .

1 2 1/2 335 420

2 2 1/2 211 243

3 2 1/2 _ 283_ 22_7_

4 2 1/? 31 49 _

1 4 1/2 171 217

2 A 112 In

34 IrI' s6 is_

4 ,, 1/7 176 .. 2

2O



SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO. i-Ti

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 118 Am 24 1  162 pu2 39

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu239

TOP(INCHES) COUNT COUNT

1 1/2 1i8 104

2 1/2 232 164

3 1/2 126 81

4 1/2 247 146

1 2 1/2 396 505

2 2 1/2 323 539

3 2 1/2 494 533

4 2 1/2 376 678

1 4 1/2 154 247

2 4 1/2 112 126

3 4 1/2 163 171

4 4 1/2 .33 147

201



SOIL CORE EVALUATION DATA

CLEAN SLATE 11I EVENT DATE

CORE NO. 2

CORE LENGTH (INCHES) 48

BACKGROUND (cpm) -22 Am 24 1  180 pu23 9

REMARKS:

QUADRANT DISTANCF FROM NET Am 24 1  NET Pu2 ?9

TOP(INCHES) COUNT COUNT

1 1/2 564 225

2 1/2 577 J,49

3 1/2 600 147

4 1/2 581 200

1 2 1/2 1633 823

2 2 1/2 777 250

3 2 1/2 1030 681

4 2 1/2 1330 776

1 4 1/2 100 110

2 4 1/2 88 59

3 4 1/2 117 128

4 4 1/2 119 142

1 6 1/2 109 83

2 6 1/2 74 60

3 6 1/2 104 123

4 6 1/2 103 64

202



I
SOIL CORE EVALUATION DATA

CLEAN SLATE TII EVENT DATE

CORE NO. 2-

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 109 Am 24 1  133 PU239

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu239

TOP(INCHES) COUNT COUNT

1 1/2 _ _ _ _ _ _ _ _R

1 2 q58

3 112 307 836

4 1/2 3_3 903

1 2 1/2 1069 884

,,__ _,_ ___ , ' 1/9 1fl'R98

1 4 1'9 11 4 1 _

2 A 7A.1R R"t
-A 1/2 1 , ,2

1 6 1/2 1607 1198

a 6 1/2 805 372

, 6 1/2 116! 1S74

__ _ __ 6 1!2 789 1070

8 1/2 1125 1135

2 8 1/2 6 1 328

8 8 1/2 781 .560

.....4_ _..... 112 1127 011 0

203

Ir. ' m M mm i "M m Mm , =.',m ,,
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SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO. 2-B

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 104 Am 2 4 1  137 pu 2 39

REMARKS:

QUADRANT DISTANCE FROM NET Am2 4 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 872 555

2 1/2 802 351

3 1/2 737 364

4 1/2 751 346

1 2 1/2 75652

2 2 1/2 672 3Rt9

3 2 1/2 686 371

4 2 1/2 53' 271

1 4 1/2 132 1')7

2 4 -/2 27 218

3 4 /f 167

4 4 1/2 121 145

204



SOIL CORE EVALUATION DATA

CLEAN SLATE III EVEN1 DATE

CORE NO 3

CORE LENGTH (INCHES) 48 2

BAC!KGROUND (cpm) 132 Am 24 1  154 pu239

REMARKS:

QUADRANT DISTANCE FROM NET Am 2 4 1  NET Pu2 39

TOP(INCHES) COUNT QUNT

1 1/2 313 223

2 1/2 368 266

3 1/2 2-q 148

4 1/2 3n8 IS3

1 2 1/2 5 5 1 388

2 2 1/2 463 448

_ _ ______2 1/ 285 - - 232

4 1/2 524 .16

1 4 1/2 72 112 1,

2 4 U/2 109. JQ4

3 4 1/2 Vn 7 144

4t 4 112 -.. 14R

205

tL
-- n w m I,,mm~m..mm.,=i .I- ai ,il~l m wi . * .,,



SOIL CORE EVALUATION DATA

CLEAN SLAT ITTI EVENT DATE

CORE NO. 3-A

CORE LENGTH (INCHES)

BACKGROUND (cpm) 1 2 9 Am24 1  175 Pu2 39

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu2 3 9

TOP(INCHES) COUNT COUNT

1 1/2 719 567

2 I12 950 758

3 1/2 863 657

4 1/2 6 r,6 636

1 1/2 326 274

2 __ _,_ 415 421.

________ L 1'2 29 . 206

. -__ .... ... . . .2 1 '/ 282 257

1 -.. / 1 4 2 8 -

4158 SR3

3 4 1 /_, i 1) 142

4 2 1/2 116 "6

log

100



SOIL CORE EVALUATION DATA

CLEAN SLATE IIE EVENT DATE

CORE NO. 3-1

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 14 5 Am2 4 1  i173 PU2 39

REMARKS:

QUADRANT DISTANCE FROM NET Am24 1 NET P239
TOP(NCHES) COUNT COUNT

1/2 581

2 1/2 651 30rl

3 1/2 527 244

4 1/2 503 1 A

1 2 1/2 _49 456

2 2 1.'2 Bob 1 5)7

3 2 1/2 _74 584

4 2 1/2 554

4 1!2 - -_ _ _ _,-9

. .2 .4 1!2 __' _ , 41_ _.

3 .4.1,/2 257 22n

.... 4 .. . .4 1/2 .. .244 2 . . 84

4• 107

- - 207 - --



SOIL CORE EVALUATION DATA

CLEAN SLATE ITT EVENT DATE

CORE NO.

CORE LENGTH (INCHES) 48

BA ZKGROUND (cpm) 88 Am24 1  138 Pu23 9

REMARKS:

QUADRANT DISTANCE FROM NET Am2 4 1  NET Pu239

TOP(INCHES) COUNT COUNT

- 1/2 son 30 _7

2 3/2 F.2 ___________

3 1 /2 479 413

- , 1,2 110 4_ _,4

2 2 -.Lj4~
21

2 5

24 11 A/ i9
A 12 S 1

. .. .1 .4 1/2 ___________ _ _ !-

... . ..__ __ __ ___ 4 .A.. . .. n _ ._..

[_ _ __ l

n____________________________________

'--I--o-

=1i

tl O'



SOIL CORE EVALUATION DATA

CT),, TArTlEVENT DATECLEAN ST,A' E ~IIIDT

CORP NO. 4-A

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 85 Am24 1  128 Pu23 9

REMARKS:

QUADRANT DISTANCE FROYI NET Am24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 148 317

__-_.....___ 1/2 201 224

3 1/2 6 163

4 1/2 287 327

1 2 1,/2 5 6 63

2 2 1/2 112
_ 838_

3 2 1/2 103R f0R

4 2 1/2 j']7. 632.

1 4 1/2 14 16 SRI_ _

4 1/2 ,_ _ _ _ _ _ _ _

3 4 1/2 q ) _ _ _ _ _ _ _ _ _ _

4 4/ 1 1 14 ,5

. 1/9 171 I_ ng_ _J

2

S ~~ 1/2 185 ..... ,3r 0 1t

223 385

209



SOIL CORE EVALUATION DATA

CLEAN SLATE III EVZNT DATE

CORE NO. 4-B

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) lo0 Am24 1  144 Pu2 39

REMARKS:

QUADRANT DISTANCE FROM NET .Am241  NET Pu239

TOP(INCHES) COUNT COUNT

1 1/2 195 89

2 ..... 1/? 189 123

3. 112 235 167

4 _1!2 2n (5 99

1 2 112 .... .. 241) 143

2 2 1/2 276 113

3 2 1/? 191 ( , 1

•1 . I/2 210 __ __ _ __ _ __ _

1 4 1/ 7 7

2 41/ 68 ,S7

3 4 1,/7 88 sa8

4 4 1/2 27_ _ " _

210



SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO. 5

CORE LENGTH (INCHES) 4R

BACKGROUND (cpm) 103 Am2 4 1  148 Pu2 39

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 12/ 313 265

2 1/2 196 152

3 1/2 112 50

4 1/2 187 136

1 2 1/2 185 11l7

_ 2 2 1/2 18 2 272

1 2 1/2 226 -- 203

,_ _...... 2 1/2 1 _ 1

1 4-1/2 209 'i.n Q

2 4 112 1A _ _ _ R__... .....

4 1/2 7 207 160

4 112 217 32q

6 1/2 9__ _4 _

_ __ 1/2 _ _ _ _. 165
6 1/2 10i 112

.4 .. ,r I/ 1 "121. 216 1

, , , 2,,

211

(Q i
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SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO. 5-A

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 12 3 Am 2 4  13 Pu2 39

REMARKS:

! A241 p239
QUADRANT DISTANCE FROM NET Am NET N 9

TOP(NCHES) COUNT COUNT

__1/2 264 234

2 1/2 241 31r

1/2 186 224________

A 1/2 28o

1 2 1/2 721 424

2 2 1/2 ()n2 45c

__ __ __ __ __ __ _2 1/2 9117 431

4 2 1/2 753 3fG7

1 4 1/2 7.. 3,6

14 1/2 548, R

A 4 1/2 39!  ,

61/1

61/2 27321

..... "___ ___6 1/? 34 , 2 34 . ..

4 f 12 , _7__ . __,7_

A 1/2 12. 10')

_ _ _ _ _ _ _ _8 112 .... I01 ........ l ap

212



SOIL CORE EVALUATION DATA

CLE2AN '7LATU III EVENT DATE

CORE NO. 5-B

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 120 Am24 1  182 pu2 3 9

REMARKS:

QUADRANT DISTANCE FROM NET Am2 4 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1/2 342 83

2 1/2 34n 67

3 1/2 473 77

4 /? 379 48

1 2 1/2 463 23_

2 2 1/2 3 2It 517

3 2 1/2_ 685 242

4 2 1/2 396 342

1 4 1/2 7 37

2 4 1/2 64 49

3 4 1/2 6f 31

4 ,- 4 1'2 .4

213



SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO. 6

CORE LENGTH (INCHES)

BACKGROUND (cpm) 112 Am2 4 1  16s Pu239

REMARKS:

QUADRANT DISTANCE FROM NET Am24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 .__ _541

2 1/2 1254 H86

3 1/2 1554 1317 -

4 1/2 114a 634

1 2 1/2 342 302

2 2 1/2 335 -4j a

j2 1/2 342

4 2 1"/ 2 194 3

1 .._4 12 16P .....!

2 _. . 2 ____

._3 4 121

.. 4 4 12 217 . ..

214

I



r

SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO. 6-A

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 126 Am24 1  173 Pu23 9

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET NU2 39

TOP(INCHES) COUNT COUNT

1 1/2 29 8

2 1/2 7 4 q

3 . ... 1/2 60 62

4 1/2 18 _.

1 2 1/2 ,._

2 2 1/2

_-_ : ,,2 1/2 ,,

,2 1/2

14 1/2

2 4 1/2

4 1/2

215

... ,



SOIL CORE EVALUATION DATA

CLEAN SLATE lIT EVENT DATE

CORE NO. 6-S

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 108 Am 24 1  15) Pu2 39

r REMARKS:

QUADRANT DISTANCE FROM NET Am 2 41  NET Pu2 3

TOP(INCHES) COUNT COUNT

1 1/2 32 0 465

______________1/ 253 217

3 1/2 373 261

4 1/2 436 430

1 2 1-'2 4 4

22 12 10 120

3 2 112 '4

4 2 /3

1 4 1/2 109 _ 111

2 4 _'? 1 6 1?2

S.1 1 0 1 0?

1 4 1/2 ___ __ 13a

216
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SOIL CORE EVALUATION DATA

CLEAN SLATE iii EVENT DATE

CORE NO. 7

CORE LENGTH (INCHES)

BACKGROUND (cpm) 110 Am 24 1  143 Pu23 9

REMARKS-

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 280 200

2 1 2 262 212

op3 -1/2 243 20

4 1/2 2R4 2g)

1 /2 12 743 ,11

2 2 1/2 4f . . 7

3 2 1/2 4 4 _k_.---. ---- ___.-

4 2 1/2 ifig " CA

o 1 . ..... 4 1/2 ... R& ,___ ____ ____ __

2 4 1/2 11 A II

3 4 1/2 1Art

4 4 1/2 _ __ _ _n

217



SOIL CORE EVALUATION DATA

CLEAN SLATE ITT EVENT DATE

CORE NO- 7-A

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 118 Am24 1  142 Pu

REMARKS:

QUADRANT DISTANCE FROM NET Am2 41  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 i/2 345 83

2 1/2 364 117

3 1/2 458 253

4 iZ2 361 112

1 2 112 862 453

2 2 1/2 73,u' 381

3 2 -. a 6e) . 3n7

4 2 1i 2 1062 1..... 7

1 4 1/Z 3... 321

2 1 112 1u 145

-.. _3 4 1/2 07 16q

4 4 1/2 247 284

I II l I_________________ ___L_._____...... ____"_l_. ..... i . .

218

,," .'



SOIL CORE EVALUATION DArA

CLEAN qT.ATE TI! EVENT DATE

CORE NO. 7-1

CORE LENGTH (INCHES) 30

BACKGROUND (cpm) 131 Am24 1  176 Pu23 9

REMARvT.

QUADRANT DISTANCE FROM NET Am24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 117 98

: _1/2 158 107

3 1/2 Ilq 159

4 1/2 16.) 135

I _2 1/2 75 3P7

i ! 9 ~~~112 .... 5 1

__ __ __ ____ 10- A l .. . . . . 1'72' ,

219
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SOIL CORE EVALUATION DATA

CTrfN SL?\ ' TTT EVENT DATE

CORE NO. 8

CORE LENGTH (INCHES)

BACKGROUND (cpm) 132 Am24 1  183 Pu23 9

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 267 145

2 1/2 262 108

3 1/2 22q 140

4 1/2 260 146

1 2 1/2 2050 879

7 2 1/2 1406 354

32 1/2 16W9 679

4 2 1/2 1777 6)9

4 1/2 644 697

? 4 1/2 335 184

__4 1/2 576 545

A 4 1004 1750

1 6 1/2 174 285

26 1/2 118 159

36 /2 162 146

6 1Z2 141 lq3

__8 1/2 89 143

_ _8 1/2 94 100

3_8 1/2 101 113

A 8 1/2 90 73

220



SOIL CORE EVALUATION DATA

CLEAN SLATE Ii EVENT DATE

CORE NO. 8-I'

CORE LENGTH (INCHES)

BACKGROUND (cpm) 123 Am24 1  166 Pu23 9

REMARKS:

QUADRANT DISTANCE FROM NET Am24 1  NET Pu239

TOP(INCHES) COUNT COUNT

1 1/2 5n2

2 1/2 817 543

3 1 12 In12 53

./' 57 552

1 2 1/2 ;48 r,2R

. ~2 1/ 2 2

2 1/2 -13 441

2 1/2 936 632

1 4 1:!2 134 ______________

2__________ 4 1 /2 8V4

3 4 1/2 149 167

4 4 I/l 137 2

1 6 1/2 123 ,07

2 G 1/2 168 2 . .

3 6 1 /2 _... .. ... 114 .. ... . .

4 6 1/? 152 160

221 ,,1.



SOIL CORE EVALUATION DATA

CLPAN SLATE TTT EVENT DATE

CORE NO. 8-B

CORE LENGTH (INCHES) 36

BACKGRCUND (cpm) 14R Am 2 4 1  15) Pu2 3 9

REMARKS:

QUADRNT - DISTANCE FROM NET Am 2 4 1  NET Pu2 3 9

TOP(INCHES) 
COUNT COUNT

1. i2 24

i ___ '? I 3P

3/2 51

4 1.-2 33

I ' ~''11?

4 2 1 - _ _ _ _11_

1 4 12'? 83 i

4 4 1'2 77

... . 4 1/2 22 __1

4 ... 4 ]'2 ....... . ______,,_ 5

222
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SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO. 9

CORE LENGTH (INCHES)

BACKGROUND (cpm) 137 Am 24 1  194 N 23 9

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu2 39

TOP(INCHES) COUNT COUNT

1 1/2 4614 2976

2 1/2 10889 3947

3 1/2 4829 2135

4 1/2 3092 1384

1 . .2 1/2 845 1146

2 . 2 1/2 61) 1461

3 2 112 79_ -,79

4 2 1/2 83n 1863

1 4 1/2 563 1456

2 4 ./2 423 682

3 4 1/2 354...... 868

4 4 1/2 3_ 3 912

1 6 1/2 dR, 1419

, 2 6 1/2 2 g C 59 r

-_6 1/2 176 248

4 6 1/2 276 657

1 1/2 128 263

2 8 1/2 116 117

3 8 1/2 130 97

4 8 1/2 14. 187

223



SOIL CORE EVALU'ATION DATA

CLEAN SLATE ITT EVENT DATE

CORE NO. 9-A

CORE LENGTH (INCHES)

BACKGROUND (cpm) 145 Am 24 1  204 Pu2 39

REMARKS:

QUADRANT DISTANCE FROM NET Am 2 4 1  NET Pu239

TOP(INCHES) COUNT COUNT

1 1/2 192 131

2 1/? 192 142

3 1/2 168 135

4 1/2 188 1.24

1 2 1/? 7n7 539

2 2 1/2 968 284

3 2 1/2 706 231

4 2 1/2 755 281

1 4 1/2 2n 4 872

2 4 1/2 2343 1087

3 4 1/2 2486 1136

4 4 1/2 22 15 ,.,_83)

1 .6 1/2 1520 778

2 6 112 186 1248

3 0;i 1 2 .. .... _ _0o2 96

4 6 12 1290 sil

L-_,1 1 8 .,, 22n 105

2 8 1/2 230 117

3 8 112 224
4 8 1/2 16n rip

i 224



SOIL CORE EVALUATION DATA

CLEAN SLATE iII EVENT DATE

CORE NO. 10

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 142 Am 241  216 pu239

REMARKS:

QUADRANT DISTANCE FROM NET Am 2 4 1  NET Pu239

TOP(INCHES) COUNT COUNT

1 1/2 423 200

2 1/2 622 37

3 1/2 528 230

4 1/2 517 213

1 2 1/2 1192 1202

2 2 1/2 800 6S4

3 2 1/2 462 256

4 2 1/2 602 377

1 4 1/2 iP8 241

2 4 1/2 177 231

3 4 1/2 1R88

4 4 1/2 160 196

1 6 1/2 173 214

' 1/2 137 134

3 6 1i/2 154 222

4 6 1/2 140 -. v1

1 a 1/2 131 118

2 8 1/2 134 115

3 C 1,2 142 180

4  8 1/2 128 112
226



SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO, 10-A

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 1 A 3 2 4 1  170 N 2 39

REMARKS:

QUADRANT DISTANCE FROM F NET Am 24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 .0 4

2 1/2 T 6? 61

3 1/2 38 20

4 1/2 158 42

1 2 1/? 146 56

2 2 1/2 154 e5

3 2 1/2 14_ _ 75

4 2 1/2 . 146 53

1 4 1/2 650 142

2 4 I/2 730 130

3 4 1/2 . On  137

44 1/) 786 1.24

226



SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO. la-B

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 122 Am2 41  158 Pu2 39

REMARKS:

QUADRANr DISTANCE FROM NET Am 2 4 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 1219 864

2 1/2 1283 1164

3 1/2 1318 1068

4 1/2 1183 965

1 2 1/2 q77 687

2 1i2 ionl 717

3. 2 1/2 1199 675 -

4 2 12 1272 708

1 4 1/2 140 189

2 4 1!2 i.09 128

3 4 1/2 109 131

4 .4 1/2 122 146

127



SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO. 10-B-2

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 103 Am24 1  149 Pu123 9

REMARKS:

QUADRANT DISTANCE FROM NET Am24 1  NET Pu239

TOPOINCHES) COUNT COUNT

1 1/2 796 545

2 1/2 684 71_

3 1/2 72P 389

4 1/2 797 5no

1 2 ]/2 265 32q

2 2 1/2 224 417

3 2 1/2 329 572

4 2 12 18.. 515

1 4 1/2 113 1F,6

2 41/2 121 ... 15

3 4 1/2 143 266

4 4 1/2 .ins :___ __76

-1 6 1/2 ...... al1 .. II0

2 6 1/2 ion.

3 6 1/2 114

4 A2

228



SOIL CORE '" VALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO. 11

CORE LENGTH (INCHES) 48

BACKGROUND (cpm) 101 Am 24 1 139 NU2 3 9

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu 23 9

TOP(INCHES) COUNT COUNT

1 1/2 328 136

21/2 32 0 136

31/2 398 257

41/2 258 __________5 __

______2 1/2 423 947

2 2 1/2 493 539

___________ 2 1/2 264 24'

4 2 1/2 29R 301

1 4 1/2 124 10;8

.2_________ 4 1/2 12n 171)

-3__________ 4 1/2 36)64

4 1/2 11319

16 1/2 14n

______________6 1/ 2 132114

___________6 1/2 120

A6 1/2 120 i

229
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SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO. 11-B

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 134 Am24 1  174 Pu2 39

REMARKS:

QUADRANT DISTANCE FROM NET Am 2 4 1  NET Pu239

TOP(INCHES) COUNT COUNT

1 1/2 531 202

2 1/2 1146 622

3 1/2 885 579

4 1/2 463 265

1 2 1/2 203 135

2 2 1/2 265 333

.3 2 1/2 270 328

4 2 1/2 223 144

1 4 125 187

2 4 V2 146 307

3 4 1/2 114 213

4 4 l/ 129 209

1 6 1/2 76 78

2 6 1/2 a5 73

-3 6 1/2 . B_ 94

.6 112 114 137
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SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO. 12

CORE LENGTH (INCHES) 48

BACKGROUND (cpm) 124 Am24 1  164 pU2 39

REMARKS:

QUADRANT DISTANCE FROM NET Am 2 4 1  NET Pu2 3 9

TOP(INCHES) COUNT COUNT

1 1/2 68 732

2 1/2 969 697

3 1/2 628 380

4 1/2 733 359

1 2 1/2 261 363

2 2 1/2 262 386

3 2 1/2 259 622

4 2 1/2 48 813

1 4 1/2 119 253

2 4 1/2 99 101

3 4 1/2 144 218

4 4 1/2 115 215

1 6 1/2 110 139

2 6 1/2 143 190

3 6 1/2 ion 105

4 6 1/2 107 139

• _ _ _...._231
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SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO. 12-A

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 14 8 Am 2 4 1  21-42 Pu23 9

REMARKS:

QUADRAY'1 DISTANCE FROM NET Am 2 4 1  NET Pu239

TOP(INCHES) COUNT COUNT

1 1/2 63 0

2 1/2 66 0

3 1/2 '78 0

4 1/2 A 66 3

1 2 1/ 11) 1 76

2 2 1/2 142 58

3 2 1/2 120. 3q.

4 2 12 ln7 31 _

1 1/2

2 4 1/.2 __... ..

3 4 1/2

4 
__l

2 3, , ,12, , ,



SOIL CORE EVALUATION DATA

CLEAN SLATE III ENT DATE

CORE NO. 12-1

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 128 Am24 1  161 PU23 9

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 1285 48R

2 1/2 1315 493

3 1/2 2575 467

4 1/2 2O21 745

1 2 1/2 105 S 54 6

_ 2 2 J/2 . .. 11q9 402

. 3 .,.__2 1/2 .1687 663

4 2 1/1 124 483

1 _ . 4 1/2 5 3 308

2 4 112 209 20G5

3 4 1/2 182 18

- 4 41/2 191 24R

iii____j _____i [ i_____ iii_ ii_

, , , .. . .



SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO. 13

CCRE LENGTH (INCHES)

BACKGROUND (cpm) 134 Am 24 1  151 PU239

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu239

TOP(INCHES) COUNT COUNT

1 1'2 IR5R 859

2 1/2 2532 817

3 1/2 2426 825

4 1/- ?237 1366

1 2 1/2 1404 13P4

2 2 1/2 744 495

3 2 If- ,55 4 W -- - J-93

4 .214 . .2518

-1 4 1 /2,2 _ _ , _

2 4 1/- 125 18_

3 -4 1/2 V; 3_. ..... 239
4 4 1/2 185 .445

1 6 1i_-_ 215 161

2, 6 1'" 125 r, i

-.-. 3 - 6 11,2 ,,11 13 ?

Ai 1 'inn__ _ _ _ _ _ _ _ _
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SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO. ' -A

CORE LENGTH (INCHES)

BACKGROUND (cpm) 133 Am24 1  173 pu239

REMARKS:

QUADRANT DISTANCE FROM NET Am24 1  NET Pu239

TOP(INCHES) COUNT COUNT

I 1/2 753 61)

2 1/2 f; f)R

3 1/2 532 3 Y)

4 1/2 4140 ....... .. .__7

1 2 1/2 048

2 )4 1 _ _ _ _ _ _ _ _ _ _

3 2 312 104 .

4 ,2 t2 ..

1 4. !1 534 ____ ___ ___, __ ___

I 112 3r)1 1f W

3 4 1,2 3141, 112l

4 .... . 4 1/2 2334 1176,

1 1 L2 ina- 510

. !/2 _ 3 442

3 ,, _112 R2 3 2,7

1 Z2 134 1 no

2 112 1%7 16(

8 1/2 148 121

4 a 1/2 121 inS
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SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO. 13-Tn

CORE LENGT H (INCHES)

BACKGROUND (cpm) 134 Am 24 1  181 Pu2 3 9

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1 NET Pu2 39

TOP(INCHES) COUNT COUNT

1 1,/? 1536 815

2 1!2 2042 980

3 1/2 173)0 943

4/2 ifi__2 1493

1 2 1'2 4474 41A2

2_ _ !fl7S 1611

3 1 1/1 3877i

4 2 1'? _ _ _ _ ,318

1 4 1/2 434 719

2 4 1/2 274 _ _ _

3 4 1 'P2 2A 4"

4 4 i/2 481 448

1 6 , It_2 177 29n

2 6, 1'2 272 7q6

3 h. . ,,1/2 17Q 383

4 .1/2 230

1 .' 1/2. __ _ __ _ _ __ _ _ __ __ _ _ __ _ _ __ _

2 ,.._R 112 130 267 

3 11 1/2 120 11s

4 8 1/2 . ..... _ 5 95

236



SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO, 14

CORE LENGTH (INCHES) 48

BACKGROUND (cpm; 142 Am 2 4 1  202 Pu23 9

REMARKS:

QUADRANT DISTANCE FROM I NET Am 2 4 1  NET Pu2 39

TOP(INCHES) , COUNT COUNT

1 1/2 3 0

2 1/2 n0

3 1,/ 0 0

4 /2 0 _ 0

1 2 1/2 10 21

2 2 J/L2L 2 ,

3 2 1/2 1 q

4 2 1/2 14 4

1 4 1 26 . 26

2 d 1, 31 49

3 4 1/2 11 33

4 4 1/2 12 27
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SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO. 14-A

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 127 Am24 1  171 pu2 39

REMARKS:

- - A 241 239

QUADRANT DISTANCE FROM NET Am NET Pu
TOP(INCHES) COUNT COUNT

1 1/2 814 616

2 1/2 923 1570

3 1/2 867 354

4 1/2 910 417

1 2 1/2 1190 773

2 2 1/2 , 1174 576

3 2 1/2 1177 . .. 707

4 2 1,12 12 439

1 4 I12 136 ] 571

2 4 1/2 7 410

3 4 lZ2 961 604

.. .. 4 4 112 208q... . 237r) .... .

1 6 1/144 11

2 6 I/2 ___ J4_

3 6 1/2 152 9 ,

4 .6 1/2 165 . 142 ,
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SO!L CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO.14-B

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 134 Am 24 1  167 pu2 39

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 10 83

2 1/2 91 86

3 1/2 86 121

4 1/2 87 171

1 2 1/2 7q 119

2 2 1/2 101 112

3 2 1/2 11 fl 236

4 2 1/2 134 192

, .. .... ..- 3



SOIL CORE EVALUATION DATA

CLEAN SLATE IIiEVENT DATE

CORE NO. 15

CORE LENGTH (INCHES) 48

BACKGROUND (cpm) 133 Am 24 1  167 Pu239

REMARKS:

QUADRANT DISTANCE FROM NET Am 24 1  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 349 280

2 1/2 452 399

3 1/2 472 32?

4 1/2 427 311.

1 2 1/2 643 220

2 2 1/2 746 478

3 2 1/2 .773 42

4 2 1/2 814 523

1 4 1/2 173 182

2 4 1/2 15820

3 4 1/2 135 2,9

4 4 1/2 198 337
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SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO. 15-A

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 149 Am24 1  194 1u239

REMARLS:

QUADRANT DLSTANCE FROM NET Am2 41  NET Pu23 9

TOP(INCHES) COUNT COUNT

1 1/2 72 146

2 1/2 84 74

3 1/2 78 93

4 1/2 92 ..... ill

1 2 1/2 106 105

2 2 1/2 118 89

3 ' 2 1/2 136 184

4 2 1/2 172 301

1 4 1/2 123 109

2 4 1/2 69 36

3 4 1/2 134 207

4 4 1Z2 131 191

f
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SOIL CORE EVALUATION DATA

CLEAN SLATE III EVENT DATE

CORE NO,15-B

CORE LENGTH (INCHES) 36

BACKGROUND (cpm) 152 Am 2 4 1 195 Pt 239

REMARKS:

QUADRANT DISTANCE FROM NET Am 2 4 1  NET Pu 2 3 9

TOP(INCHES) COUNT COUNT

1 1/2 18 40

2 1/2 42 42

3 1/2 20 29

4 1/2 13 ,, 0

- 1 2 1/2 110 94

2 2 1/2 _8 43

3- 2 1/2 6 9 39
4_ 2 1/2 90 83
1 ,.._4 1/2 108 121

2 4 1/2 .131 3

a 4 12 116 106

4 4 1/2 137 104

,K,,____ J,,

-- , , , , e .. .. . ... .. . . .. . .. .

-- ,9-- , ,., ,,



APPENDIX B

CALCULATION OF BELT MONITOR EFFICIENCY

Let:

E2 0  efficiency for Am241 mixed with soil 20

inches wide on the belt, cpm/ c

E24 =efficiency for Am 2 4 1 mixed with soil 24

inches wide on the belt, cpm/ c

Ex average efficiency for four quadrants at

a distance x from the center of the belt area

viewed by the detector, cpm/ c

Ax - area in cm 2 of concentric ring 2 inches

wide with inner edge x inches from the center

of the belt viewed by the detector

Sa a self-absorption factor for Am 2 4 1 gamma

= 0.77 based 'n data in Table 2.6

(Ex + Ex42) Ax
E20 2

2026 cmz

with x ranging from0 to 8 :nches in 2-inch in-

crements
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(Ex +Ex 2 Ax
'-24 2

2920 cm

with x ranging frr.m 0 to 10 inches in 2-inch in-

crements

F 2 0  = factor to convert belt Am 2 4 1 net cpm to g

Pu/kg of soil

15 g Pu/Ac Pu
(Z20) (0.77Sa) (0.01319,Ac Am/ c Pu) (18.3kg soil)

= 81/E20

F24 = factor to convert belt Am 2 4 1 net cpr. '#X g

Pu/kg of soil

F24 = 154g Puc Ru
(E24)(0.77 Sa)(0.01319 c Am/ c Pu)(22.Okg soil)

= 67/E2 4

From Table 2.5:

Eo  a 519 cpm/0.702,c a 737 cpm/Ac

E2 - 513 cpm/0.702Ac , 728 cpm!/#c

E4 - 514 cpm/0.702yc , 730 cpm/,c

E8  - 412 cpm/0.702.,.c a 585 cpm/ c

E$1 - 368 cpm/0.702uc 5%22 cpm/,&c

110 - 275 cpm/0.70RLc - 391 cpmIc

912 - 196 cpm/0.702Ac 278 cpm/4*c
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A0 = pi (5.08) 2 = 81 cm 2

A2 =pi (10.16) 2 A0  324 - 81 = 243 cm 2

* A4 =pi (15.24) 2 A2 = 730 - 324 -406 cm 2

A6 = pi (20.32) 2 A4 = 1297 - 730 = 567 cm 2

A8 = pi (2 5. 4 )2 .A6 = 2026 - 1297 =729 cm 2

A1 0 =pi (30.48)2 A8 =2920 -2026 =894 cm

(E0 + E2 ) (A0) = (737 + 728) (81) = 59,292

2 2

(E2 + E4) (A2 ) = (728 + 730) (243) = 177,147

2 2

(E4 + E6) (A4) = (730 + 585) (406) = 267,148

2 2

(E6 + E8) (A6 ) = (585 + 522) (567) - 314,118

2 2

(E8 + El 0) (A8 ) (522 + 391) (1216) = 555,104

2 2

(E 0 + E12 .) (At 0 ) = (391 + 278) (894) 299,490
- 2 2

E20 = 59,292 + _177,147 + 267,148 + 314,118 + 555,104

2026

* 1,372,809/2026 - 678 cpm/Ic

E 4 1,372,809 + 299,490 - 573 cpm/4,
*4 2920

F 20  81/M78 0.12& N/kf sollbelt cprr Am""JI

F 2 4 = 67/573 0.1;& EUL l,belt cpm Am Z  "
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APPENDIX C

EVALUATION OF ALUMINUM DEBRIS

The metal debris originally recovered post-

detonation was limited to small pieces to facili-

tate gamma counting and laboratory analysis. It

was learned later that these samples were of

aluminum, not iron, and therefore from the device

stands, not the storage igloo. However, preliminary

calculations indicated significant Pu scavenging on

aluminum so this phase of the progr,i was continued.

Two thicknesses of aluminum, 0.250 inch and 0.120

inches, were used in fabricating the base and upright

portions of the device stands. The respective areas

of each thickness, 626 in2 and 614 in2 were used in

calculating total scavenging. This desiqn data and

other information on device stands wero obtained from

Reference 5,
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CLEAN SLATE I

Evaluation of Aluminum Debris

Sample ug Pu by ug Pu by Thickness Ar~a 2
No. y Count Rad Chem Inches in- u Pu/in2

160- 1 15 0.12 2.4 6
2 <5 0.12 1.6 -<3
3 370 0.25 1.4 264
4 520 0.12 1.6 330
5 45 0.12 1.2 <4
6 16 0.25 1.7 9
7 180 205 0.25 0.4 450
8 <5 0.25 1.2 -4
9 750 720 0.25 1.6 469

10 370 0.25 0.8 463
11 <5 0.25 0.6 e8
12 65 0.12 1.4 46
13 <5 P0.12 3.2 --2
14 4600 0.12 3.2 1400

Mean 250
Mean of 0.12* thickness 250
Mean of 0.25" thickness 240

(1061 (250 ug/in2 ) (614 in2) (9 stands) - 1.4 g

(10-6) (240 ug/in2) (626 in 2 ) (9 stands) - 1.1

TOTAL 2.8 g
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CLEAN SLATE II

Evaluation of Aluminum Debris

Sample ug Pu by ug Pu by Thickness Area
No. Y Count Rad Chem Inches in2  ug Pu/in2

159-A Bkg 0.12 20 --
B 18,900 24,800 0.12 12 1,500
C 1,500 0.12 6 300
D 100,800 96,600 0.12 24 4,200E 6,200 0.12 20 300
F 30,600 0.25 32 1,000
G Bkg 0.25 16 --
H 12,000 0.25 25 500I 3,500 0.12 16 200
J 13,500 0.12 -- --
K Bkg 0.12 20 --
L 1,300 0.12 8 200ti. 4,100 0.12 16 300
N 9,000 0.12 12 800
0 Bkg 0.12 6 --
P 1,I00 0.12 8 100
Q 20,700 0.12 6 3,500
R 8,200 0.12 15 500S 23,000 0.12 12 1,900

1,300 0.12 4 300

Mean 780
Mean of 0.12" thickness 830
Mean of 0.250 thickness 500

(10-6) (830 uq/in 2) (614 in 2 ) (19) w 9.7 q

(10 "6) (500 ua/in 2) (626 in2 ) (19) - 6.0 g

TOTAL 15.7 g
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CLEAN SLATE II

Evaluation of Aluminum Debris

Sample ug Pu by ug Pu by Thickzss Area
No. Y Count Rad Chem Inches in 2  ug Puiin

163-A 24,300 0.12 18 1,400
B 14,900 0.12 4 3,700
C 10,100 8,200 0.25 9 1,100
D 900 0.25 8 100
E 20,300 0.12 8 2,500
F 8,800 0.12 6 1,500
G 1600 0.12 6 300
Ii 1,700 0.25 6 300
I 900 0.25 2.2 400
3 1,400 0.25 3.0 500
K 10,100 8,900 0.12 2,0 500
L 200 0.12 1.0 I00
M 800 0.25 1.5 500
N 6,800 0.12 2.5 21700
0 150 0.12 3.0 50
P 500 0.12 1.5 300
C) 600 0.12 2.0 300
R 90 0.12 1.0 90
S 400 0.25 1.5 300
T 300 0.25 2.2 100

Mean all pieces 840
Moaj: (0.120 thick) 1,130
Mean (0.25 thick) 330

(10"6) (1130 ug/in 2) (614 in2 ) (19 stands) - 13.2 a
(1 -)2 2 ,

(0 "6) (330 ug/in ) (626 in ) (19 stands) = 3.9 q

' TOTAL 1?.i q

249I



REFERENCES

1. F. Wilcox and L. Brown, Reynolds Electrical and Engineering Co., Inc.,

Mercury, Nevada; personal communications (1962/1963).

2. H. Eberline, Eberline Instrument Corporation, Santa Fe, New Mexico;

personal communication (1962).

3. W. Johnson, Sr.; "Alpha Survey"; Project 2.5, Operation Roller Coaster,

POR-2505; Eberline Instrument Corporation, Santa Fe, New Mexico; Official

Use Only.

4. F. Schonfeld, Los Alamos Scientific Laboratory, Los Alamos, New

Mexico; personal communication (1963).

5. W. Holder, Sandia Corporation, Albuquerque, New Mexico; letter to:

F. Geiger, Eberlin- Instrument Corporation, Santa Fe, New Mexico; Subject:

"Roller Coaster Devi., Support Stands," 12 November 1963; Unclassified.

!4

J1

250

p OF FTQfUS&cQLY': I


